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ABSTRACT
U ran iu m (V ) ,  t h e  l e a s t  s t a b l e  o x i d a t i o n  s t a t e  of  u ran iu m ,
forms compounds w h ic h  a r e  e a s i l y  o x i d i z e d  t o  compounds o f  u ra n iu m (V l )
and w h ic h  r e a d i l y  u n d e rg o  d i s p r o p o r t i o n a t i o n  f o r m in g  s t a b l e  u ra n iu m (V I )
and u ra n iu m ( I V )  compounds.  The compounds o f  t h i s  u n s t a b l e  o x i d a t i o n
s t a t e  a r e  v e r y  d i f f i c u l t  t o  p r e p a r e  and s t u d y ,  and a s  a r e s u l t
u ran ium (V )  c h e m i s t r y  h a s  no t  been  e x t e n s i v e l y  i n v e s t i g a t e d .
T h i s  5 f^  s y s t e m  i s  o f  s p e c i a l  i n t e r e s t  f o r  s p e c t r a l  s t u d i e s
s i n c e  i t  e x h i b i t s  no e l e c t r o n - e l e c t r o n  r e p u l s i o n s  and t h e r e f o r e  one
o f  t h e  m a jo r  f a c t o r s  c o n t r i b u t i n g  t o  t h e  c o m p l e x i t y  o f  3 f  e l e c t r o n i c
s p e c t r a  i s  n o t  p r e s e n t .
P r e v i o u s  work w i t h  u ran ium (V )  h a s  r e s u l t e d  i n  p r e p a r a t i o n
o f  a  c o n s i d e r a b l e  number o f  o x i d e s  and a l k o x i d e s .  The o x i d e s  have
been  r a t h e r  w e l l  c h a r a c t e r i z e d  b u t  t h e  a l k o x i d e s  have  n o t  been  w e l l
c h a r a c t e r i z e d .  Only  a few e x a m p le s  o f  h a l i d e  a d d i t i o n  compounds
2 -
have  been  r e p o r t e d  and  o n ly  F , Cl and  0 , n i t r o g e n  and  oxygen
d o n o r  l i g a n d s  have  b e en  complexed t o  u ran ium (V )  in  p r e v i o u s  work .
I n  o r d e r  t o  g a i n  more i n f o r m a t i o n  a b o u t  t h i s  u n s t a b l e  o x i d a t i o n  
s t a t e  t h i s  work  was  d i r e c t e d  t o  t h e  p r e p a r a t i o n  and s t u d y  o f  new 
u ran iu m (V )  compounds.  The s t u d y  h a s  r e s u l t e d  i n  t h e  p r e p a r a t i o n  
o f  t h e  f i r s t  u ran ium(V)  compounds c o n t a i n i n g  U-P,  U-As and U-Bi 
b o n d s .
I t  h a s  been  found i n  t h i s  s t u d y  t h a t  th e  r e a c t i o n  
UC15  ’ TCAC + xL -  UC15  * xL + TCACa
can  be c a r r i e d  o u t  i n  b e n ze n e  s o l u t i o n  w i t h  a v a r i e t y  o f  l i g a n d s
v i i i
t o  p r o d u c e  com pounds ,  UCl^ * xL .  Compounds o f  t h i s  t y p e  w h ich  h ave  
b e e n  p r e p a r e d  a r e  UCl^ • F h^ P ,  UCl^ * d i p h o s , * 1 UCl^ • 2 CgH^N0 ° and  
UCl^ * 4CgH^N0. A d i f f e r e n t  t y p e  o f  r e a c t i o n  o c c u r s  w i t h  t r o p o l o n e ,  
C^H^O~ = T_ , a s  t h e  l i g a n d  i n  r e a c t i o n  w i t h  a s o l u t i o n  o f  UCl^ * TCAC. 
I n  t h i s  c a s e  TCAC and one  c h l o r i n e  a r e  r e p l a c e d  and  t h e  r e s u l t i n g  
compound i s  UCl^T * 4KT. R e a c t i o n s  o f  o t h e r  l i g a n d s  w i t h  UCl^ ■ TCAC 
h a v e  p r o d u c e d  t h e  f o l l o w i n g  i o n i c  compounds:  [ U C l ^ d i p y ^ ] C l ,
[ J ^ C lg C P h ^ A s) ]C 1  and [ U j C l g C P h ^ B i ) ] C 1 . Im pure  p r o d u c t s  w e r e  o b t a i n e d  
w i t h  P h ^ S b ,  Ph^SO and o t h e r  p h o s p h i n e s  and  a r s i n e s .
The new com pounds ,  w i t h  one e x c e p t i o n ,  a r e  e x t r e m e l y  
u n s t a b l e  t o  m o i s t u r e  and o xygen  and p r e p a r a t i o n  o f  t h e  compounds 
and  s u b s e q u e n t  s t u d i e s  w e re  done  u n d e r  a n  a r g o n  a t m o s p h e r e  and i n  
a n h y d r o u s ,  o x y g e n - f r e e  s o l v e n t s .  UCl^T * 4HT i s  u n i q u e  among 
u r a n iu m (V )  compounds i n  t h a t  i t  i s  s t a b l e  i n  d r y  a i r  f o r  s e v e r a l  
d a y s .  The compounds  h a v e  b e en  c h a r a c t e r i z e d  by e l e m e n t a l  a n a l y s e s ,  
c o n d u c t a n c e  m e a s u r e m e n t s ,  m a g n e t i c  s u s c e p t i b i l i t y  m e a s u r e m e n t s  and 
m ass  s p e c t r a .  The u ra n iu m (V )  o x i d a t i o n  s t a t e  h a s  b e e n  c o n f i r m e d  i n  
t h e  compounds by e l e c t r o n  s p i n  r e s o n a n c e ,  m a g n e t i c  s u s c e p t i b i l i t y  
m e a s u r e m e n t s  and  t h e  e l e c t r o n i c  s p e c t r a .
The 8 a v e  ESR v a l u e s  f o r  a l l  t h e  compounds e x c e p t  UCl^ * 4HT 
and UCl^ • 4C^H^K0 a r e  v e r y  c l o s e  t o  t h e  v a l u e  f o r  t h e  f r e e  e l e c t r o n .  
The ESR s p e c t r a  o f  a l l  t h e  compounds e x c e p t  UCl^ * 4CgH^N0 and 
UCl^T ■ 4HT show a  v e r y  n a r r o w  s i g n a l  w i d t h .  T h e s e  d a t a  s u g g e s t  
t h a t  t h e  5 f  e l e c t r o n  o f  t h e  u r a n i u m  i s  s t r o n g l y  d e l o c a l i z e d  i n t o  t h e
i x
low e n e r g y  m o l e c u l a r  o r b i t a l s  o f  t h e  a r o m a t i c  r i n g  s y s t e m s  i n  t h e  
l i g a n d s .
I n f r a r e d  a b s o r p t i o n  s t u d i e s  o f  t h e  C s l  r e g i o n  have  made 
p o s s i b l e  t h e  a s s i g n m e n t  o f  U-N, U-P and  U-Cl f r e q u e n c i e s .  The U-N 
s t r e t c h i n g  f r e q u e n c y  i n  [U C l^ d ip y ^ C l  h a s  b e e n  a s s i g n e d  a s  492 cm  ̂
and  i n  UCl^ • 4CgH^N0 a s  507 cm The U-P f r e q u e n c y  h a s  been  
a s s i g n e d  a s  265 cm ^ and  273 cm ^ i n  UCl^ • Ph^P and UCl^ * d i p h o s ,
r e s p e c t i v e l y .  I n  a g r e e m e n t  w i t h  p r e v i o u s  a s s i g n m e n t s  t h e  U-Cl
f r e q u e n c i e s  a r e  a s s i g n e d  a t  325 cm * and 318 cm * i n  UCl^ • Ph.jP,
a t  330 cm ^ and  318 cm  ̂i n  UCl^ • d i p h o s ,  a t  305 cm ^ i n
[ ^ C l g C P h ^ A s )  ]C1 and a t  327 cm 315 cm ^ and  310 cm * i n  
[ U C l ^ d i p y ] C l .  The e l e c t r o n i c  s p e c t r a  o f  t h e s e  new u ra n iu m (V )  
compounds  a r e  q u i t e  c o m p le x .  The f o u r  g r o u p s  of b a n d s  c o r r e s p o n d i n g  
t o  t h e  f o u r  p r e d i c t e d  t r a n s i t i o n s  f o r  a n  o c t a h e d r a l  5 f ^  s y s t e m s  h ave  
b e e n  a s s i g n e d  f o r  a l l  t h e  new com pounds .
a TCAC -  t r i c h l o r o a c r y l y l  c h l o r i d e
b d i p h o s  = e t h y l e n e b l s d i p h e n y l p h o s p h i n e
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HISTORY
Uranium and i t s  compounds h ave  been  I n v o l v e d  I n  some o f  t h e  
most s i g n i f i c a n t  e v e n t s  i n  t h e  d e v e lo p m e n t  o f  s c i e n c e .  The d i s c o v e r y  
o f  u ra n iu m  came i n  1789. M a r t i n  K l a p r o t h  ( 1 7 4 3 - 1 8 1 7 )  was c a r r y i n g  o u t  
a n a l y t i c a l  s t u d i e s  t o  d e t e r m i n e  t h e  c o m p o s i t i o n  o f  m i n e r a l s  and  t o  
d e v e l o p  a  c h e m i c a l  c l a s s i f i c a t i o n  o f  m i n e r a l s .  He d i s s o l v e d  p i t c h b l e n d e  
i n  n i t r i c  a c i d  and n e u t r a l i z e d  t h e  s o l u t i o n  w i t h  p o t a s h  and  o b t a i n e d  
a  y e l l o w  o x i d e .  He h e a t e d  an  o i l  p a s t e  o f  t h e  y e l l o w  o x i d e  i n  a  
c h a r c o a l  c r u c i b l e  and p r o d u c e d  a b l a c k  powder  w i t h  a m e t a l l i c  l u s t e r .
He c o n c lu d e d  t h a t  t h i s  b l a c k  powder was  a new e l e m e n t  w h ich  he named 
i n  h o n o r  o f  t h e  r e c e n t l y  d i s c o v e r e d  p l a n e t  U ra n u s .  (1 )  K l a p r o t h  was 
an  I m p o r t a n t  c h e m i s t  o f  h i s  t im e  and h i s  a n a l y t i c a l  s t u d i e s  p r o v i d e d  
a p a t t e r n  f o r  a n a l y t i c a l  c h e m i s t s  who f o l l o w e d  h im.  The f o l l o w i n g  
q u o t a t i o n  I n d i c a t e s  s o m e t h in g  of  t h e  im p o r t a n c e  o f  h i s  w o rk .  "His  
c o n s c i e n t i o u s n e s s  f u r t h e r  shewed i t s e l f  i n  t h e  way i n  w h ic h  c o n t r a r y  
t o  t h e  cu s to m  p r e v a l e n t  among c h e m i s t s  a t  t h a t  d a y ,  he p u b l i s h e d  th e  
r e s u l t s  o f  h i s  a n a l y s i s ;  i n s t e a d  o f  m e r e l y  s t a t i n g  t h e  c o n c l u s i o n s  
p r e s u m a b ly  a r r i v e d  a t  from h i s  e x p e r i m e n t s ,  he gave  t h e  a c t u a l  
f i g u r e s  o f  t h e s e ,  and  so made i t  p o s s i b l e  t o  s u b j e c t  them t o  a 
m in u te  c r i t i c i s m  o r  c o r r e c t i o n " .  ( 2 )
In  1841 E u g ^ n e - M e lc h io r  P ^ l i g o t  showed t h a t  t h e  b l a c k  
powder o b t a i n e d  by K l a p r o t h  was n o t  e l e m e n t a l  u r a n iu m  b u t  u r a n o u s  
o x i d e ,  P ^ l i g o t  r e d u c e d  a n h y d r o u s  UCl^ w i t h  p o t a s s i u m  and
x i
i s o l a t e d  a b l a c k  powder  w i t h  p r o p e r t i e s  q u i t e  d i f f e r e n t  f r o m  t h e  o x i d e
o b t a i n e d  by  K l a p r o t h .  The f a c t  t h a t  u r a n o u s  o x i d e  c o u l d  n o t  be r e d u c e d
w i t h  c a r b o n  o r  h y d r o g e n  p r o b a b l y  was  an  i m p o r t a n t  f a c t o r  i n  d e l a y i n g
r e c o g n i t i o n  o f  t h e  f a c t  t h a t  t h e  b l a c k  powder  I s o l a t e d  by K l a p r o t h
was n o t  e l e m e n t a l  u r a n i u m .
I n  t h e  p e r i o d i c  t a b l e  w h i c h  M e n d e l e ^ f  p r o p o s e d  i n  1872
u r a n i u m  was t h e  h e a v i e s t  e l e m e n t  l i s t e d .  I t  r e m a i n e d  t h e  h e a v i e s t
known e l e m e n t  u n t i l  1940 and t h e  d i s c o v e r y  o f  t h e  f i r s t  o f  t h e
t r a n s u r a n i u m  e l e m e n t s .
A s e r i e s  o f  I m p o r t a n t  d i s c o v e r i e s  t h a t  had g r e a t  im p a c t
on t h e  c o u r s e  o f  s c i e n c e ,  e s p e c i a l l y  c h e m i s t r y  and p h y s i c s ,  came i n
t h e  1 8 9 0 ' s  and e a r l y  1 9 0 0 ' s .  R a d i o a c t i v i t y  was  one o f  t h e  i m p o r t a n t
d i s c o v e r i e s  o f  t h i s  p e r i o d .  I t  was f i r s t  n o t e d  by H e n r i  B e c q u e r e l  i n
1896 d u r i n g  h i s  o b s e r v a t i o n s  o f  a u r a n i u m  o r e .
I n  1938 came a n o t h e r  m i l e s t o n e  i n  s c i e n t i f i c  d e v e l o p m e n t .
O t t o  Hahn and  F r i t z  S t r a s s m a n  d i s c o v e r e d  t h a t  u r a n i u m  a tom s  c o u ld
u n d e r g o  f i s s i o n  a s  a r e s u l t  o f  bombardment by s low  n e u t r o n s .  The
r o l e  o f  u r a n i u m  i n  t h e  f i e l d  o f  n u c l e a r  e n e r g y  h a s  e l e v a t e d  i t  t o  one
235o f  t h e  m os t  i m p o r t a n t  e l e m e n t s .  The n u c l i d e  U i s  t h e  o n l y  n a t u r a l l y
o c c u r r i n g  n u c l i d e  t o  u n d e r g o  f i s s i o n  a s  a r e s u l t  o f  bombardment  by
238s lo w  n e u t r o n s .  U i s  u s e d  t o  p r e p a r e  t h e  s y n t h e t i c  e l e m e n t ,
238p l u t o n i u m .  N e u t r o n  a b s o r p t i o n  by  U i s  f o l l o w e d  by  two s u c c e s s i v e
239 235 239b e t a - d e c a y  s t e p s  t o  p r o d u c e  Pu. U and  Pu a r e  i m p o r t a n t  f u e l s
f o r  n u c l e a r  e n e r g y .
x i i
U ran iu m  I s  f r e q u e n t l y  c o n s i d e r e d  a s  one  o f  t h e  r a r e r  
e l e m e n t s ;  h o w e v e r ,  i t  i s  w i d e l y  d i s t r i b u t e d  i n  n a t u r e .  I t  h a s  b e e n  
e s t i m a t e d  t h a t  t h e  a v e r a g e  u r a n iu m  c o n t e n t  i n  t h e  e a r t h ' s  c r u s t  i s  
a b o u t  4 x 10 ^ gram i n  1 gram o f  r o c k .  ( 3 )  T h i s  amount r a n k s  t h e  
n a t u r a l  a b u n d a n c e  o f  u r a n i u m  a b o v e  s u c h  common e l e m e n t s  a s  m e r c u r y ,  
s i l v e r  and  i o d i n e ,  b u t  o n l y  two m i n e r a l s ,  p i t c h b l e n d e  and  c a r n o t i t e ,  
a r e  o f  e co n o m ic  i m p o r t a n c e ,  and  o n l y  l i m i t e d  d e p o s i t s  o f  t h e s e  a r e  
a v a i l a b l e .  P r i o r  t o  t h e  d i s c o v e r y  o f  n u c l e a r  f i s s i o n  t h e  u r a n i u m  
o r e s  w e re  u s e d  a s  c o l o r i n g  a g e n t s  f o r  g l a s s  and  c e r a m i c s ,  b u t  much 
o f  t h e  u r a n iu m  was  d i s c a r d e d .
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CHAPTER I
INTRODUCTION
A. G e n e r a l  I n t r o d u c t i o n
U ran ium  compounds a r e  kncwn i n  w h ic h  Che o x i d a t i o n  s t a t e  
o f  t h e  u r a n i u m  i s  V I ,  V, IV and  I I I .  The r e l a t i v e  s t a b i l i t y  o f  
t h e  o x i d a t i o n  s t a t e s  i s  VI > IV >  I I I  >  V. As i n d i c a t e d  i n  t h e  
b r i e f  h i s t o r y  o f  t h e  e l e m e n t ,  u r a n i u m  o c c u p i e s  a s i n g u l a r  p o s i t i o n  
among t h e  e l e m e n t s  a n d ,  a s  would  be e x p e c t e d ,  i t s  c h e m i s t r y  h a s  b e e n  
e x t e n s i v e l y  i n v e s t i g a t e d *  P r e v i o u s  s t u d i e s  o f  u r a n i u m  i n  t h i s  
l a b o r a t o r y  had b e e n  m a i n l y  c o n c e r n e d  w i t h  t h e  c o o r d i n a t i o n  c h e m i s t r y  
o f  u r a n i u m ( I V ) .  The compounds  o f  u ra n iu m (V )  e x h i b i t  a s t r o n g  
t e n d e n c y  t o  d i s p r o p o r t i o n a t e  t o  t h e  more s t a b l e  ( V I ) a n d  ( IV )  o x i d a t i o n  
s t a t e s  and  u ra n iu m (V )  compounds a r e  e a s i l y  o x i d i z e d  t o  u r a n i u m ( V I )  
compounds* B e c a u se  o f  t h e  e x t r e m e  i n s t a b i l i t y  o f  u ra n lu m (V )  t h i s  
o x i d a t i o n  s t a t e  h a s  r e c e i v e d  much l e s s  a t t e n t i o n  t h a t  t h e  more 
s t a b l e  o x i d a t i o n  s t a t e s .  To g a i n  more i n f o r m a t i o n  a b o u t  t h i s  u n s t a b l e  
o x i d a t i o n  s t a t e  a n  e x t e n s i v e  i n v e s t i g a t i o n  o f  u r a n iu m (V )  compounds  
was  u n d e r t a k e n ,  and  t h e  r e s u l t s  a r e  d e s c r i b e d  i n  t h i s  d i s s e r t a t i o n .
The l e a s t  s t a b l e  o x i d a t i o n  s t a t e ,  u r a n iu m (V )  h a s  a g r o u n d  
s t a t e  e l e c t r o n i c  c o n f i g u r a t i o n  o f  [ R n ] 5 f * .  T h i s  f ^  s y s t e m  i s  o f  
s p e c i a l  i n t e r e s t  f o r  s p e c t r a l  s t u d i e s  s i n c e  i t  e x h i b i t s  no e l e c t r o n -  
e l e c t r o n  r e p u l s i o n s ,  and  t h e r e f o r e  one o f  t h e  m a jo r  f a c t o r s  c o n t r i b u t i n g  
t o  t h e  e x t r e m e  c o m p l e x i t y  o f  5 f  e l e c t r o n i c  s p e c t r a  i s  n o t  p r e s e n t .  T h i s
1
2
l o n e  e l e c t r o n  s p e c i e s  i s ,  o f  c o u r s e ,  p a r a m a g n e t i c  and  t h e  s t u d y  o f  i t s  
m a g n e t i c  p r o p e r t i e s  w ou ld  be  e x p e c t e d  t o  y i e l d  i n t e r e s t i n g  i n f o r m a t i o n  
a b o u t  t h e  s t r u c t u r e  and  b o n d i n g  o f  u ra n iu m (V )  com pounds .
B. L i t e r a t u r e  S u r v e y  o f  U ran ium (V )  C h e m i s t r y
The p u b l i s h e d  c h e m i s t r y  o f  u ran iu m (V )  w i l l  be s u r v e y e d  
b e f o r e  t h e  p a r t i c u l a r  g o a l s  and  r e s u l t s  o f  t h i s  r e s e a r c h  a r e  
p r e s e n t e d .  F o r  c o n v e n i e n c e  t h e  m a t e r i a l  i s  c o n s i d e r e d  a c c o r d i n g  
t o  t h e  f o l l o w i n g  o u t l i n e :
1 .  The Compounds o f  Uranium(V)
a .  A l k o x i d e s ,  h a l i d e  a l k o x i d e s  and  r e l a t e d  compounds
b .  O x id e s  and  r e l a t e d  compounds
c .  H a lo g e n  compounds and c o m p le x e s
d .  A d d i t i o n  compounds o f  t h e  u ra n iu m (V )  h a l i d e s
2 .  M a g n e t i c  S u s c e p t i b i l i t y  S t u d i e s
3 .  E l e c t r o n  P a r a m a g n e t i c  R eso n a n ce  S t u d i e s
4 .  S p e c t r a l  S t u d i e s
a .  V i b r a t i o n a l  s p e c t r a
b .  E l e c t r o n i c  s p e c t r a
1 .  The Compounds o f  Uranium(V)
a .  A l k o x i d e s ,  h a l i d e  a l k o x i d e s  and  r e l a t e d  compounds
A c o n s i d e r a b l e  number o f  a l k o x i d e s  and  r e l a t e d  compounds 
have  b e e n  p r e p a r e d .  U ran ium  p e n t a e t h o x i d e , a brown m o b i l e  l i q u i d ,
3
h a s  b e en  s t u d i e d  by s e v e r a l  w o r k e r s  and  h as  been  p r e p a r e d  by  t h e  
f o l l o w i n g  v a r i e t y  o f  r e a c t i o n s :
° 2
NaOEt + UC1A -  h e a t  -  U(OEt ) 5  <1)
NaOEt + UCl4  -  h e a t ~  U(OEt ) 5  (2 )
I n  r e a c t i o n  ( 2 )  t h e  NaOEt and UCl^ a r e  t r e a t e d  f i r s t  w i t h  Br^ i n  
b e n z e n e  s o l u t i o n  and  t h e n  w i t h  Na i n  EtOH t o  p r o d u c e  U (O Et)^ .
UC15  + N a ( i n  EtOH) -  U(OEt> 5  ( 3 )
UCl^ + E t 2 0  + NH3  E t o H ^ U (O E t ) 5  (4 )  (4 )
U(OEt) ,  ( i n  C ,H , )  + N aO E t( in  EtOH) ■* U (O E t )c ( 5 )  (5 )
h o o 5
(C_H,N).UOCl, + 5NH* + 3EtOH -  OU(OEt) .
3 O i 3  J  J
OU(OEt) 3  + 2C5 H5N + SNH^Cl -  U(OEt ) 5  + Un _ 1 0 ( 0 E t > 3 n 5 (6 )
( 6 )
Some p h y s i c a l  p r o p e r t i e s  o f  UCOC^H^)^ have  been  I n v e s t i g a t e d  and 
a r e  r e p o r t e d  by T a y l o r  and  c o - w o r k e r s .  (7 )
U(OMe) 3  h a s  b e en  p r e p a r e d  by r e a c t i o n  ( 1 ) ,  U(OC2 HCHMe2) ^  
and U(OCH2 CF3 ) 3  h ave  b e en  p r e p a r e d  by r e a c t i o n  (4 )  and U(OPr ) 3  ha s  
b een  p r e p a r e d  by r e a c t i o n  ( 2 ) u s i n g  t h e  a p p r o p r i a t e  a l c o h o l  a s  a  
r e a c t a n t .  ( 8 ) R e a c t i o n  ( 6 ) h a s  been  u s ed  t o  p r e p a r e  UCOPr*)^.  ( 6 ) 
Uranium p e n t a e t h o x i d e  h a s  been  used  a s  a  r e a c t a n t  t o  
p r e p a r e  a  l a r g e  number o f  a l k o x i d e s  and r e l a t e d  compounds by a n  
e x ch a n g e  r e a c t i o n .  ( 7 )
U(OEt ) 5  + 5R0H( o r  xL) -  U(OR> 5  ( o r  U(OR5  xLx ) 5> ( 7 )
A l k o x i d e s ,  U(OR)^, w h ic h  R = Me, P r ,  Bu, Am, w e re  p r e p a r e d  by t h e  
e x c h a n g e  r e a c t i o n .  ( 9 )  T h i s  w ork  was c o n t i n u e d  t o  p r e p a r e  a d d i t i o n a l  
a l k o x i d e s  i n  w h ic h  R = O C H j O ^ P r 1 , OCH^CHMeEt, OCl^Bu1 , OCHEt2 , 
OCHMePr, OCHMePr1 , OCMe2 E t ,  O C M e ^ r 1 , OCMeEt2 , OCJfeEtPr1 , OCEt3  and  t  
p r e p a r e  t h e  mixed a l k o x i d e s  l^C O E t)  ^ O B u 1 ) U2 (O E t)^ (O B u t ) U ( O E t )  
(OBu1) ^ .  ( 1 0 )  O t h e r  compounds p r e p a r e d  by t h e  e x c h a n g e  r e a c t i o n  w i t h  
U ( O E t ) ,  i n c l u d e  (E tO )  U ( L ) w i t h  x  = 2 , 3  and  4 ,  L = m e t h y l  a c e t o -
a c e t a t e  o r  e t h y l  a c e t o a c e t a t e  ( 1 1 )  and  ( E t O ) ^  x^ * x w i t h  x = 1 ,  2 and
L = a c e t y l a c e t o n e  o r  b e n z o y l a c e t o n e . ( 1 2 )
The e x c h a n g e  r e a c t i o n  w i t h  t h e  p e n t a a l k o x i d e s  h a s  b e e n  
u s e d  t o  p r o d u c e  u r a n iu m (V )  h a l i d e  a l k o x i d e s .
U(0R ) 5  + nMeOCl -* U ( 0 R ) 5 _nC l n + nMeCOgR ( 8 )
T h i s  r e a c t i o n  h a s  b e en  c a r r i e d  o u t  w i t h  R = E t  and  P r 1 , n = 1 , 2  and
3 and R = Amt , n = 1 .  ( 1 3 )  The a n a l a g o u s  r e a c t i o n  ha s  b e e n  c a r r i e d
o u t  t o  fo rm  b ro m id e  d e r i v a t i v e s ,  U (0 R ) ,  Br  , w i t h  R = E t  and Am,' 5 - n  n* *
n = 1 ,  2 and  3 .  (1 4 )
O r g a n o a l l o x y  d e r i v a t i v e s  o f  t h e  a l k o x i d e s  h a v e  a l s o  b e e n  
p r e p a r e d  by  t h e  e x c h a n g e  r e a c t i o n .
U ( 0 E t ) 5  + 5R3SiOH -  U(OSiR3 > 5  + SEtOH ( 9 )
I n  t h e  a b o v e  r e a c t i o n  R i s  Me, E t , MeEt^ o r  Me2 E t .  An a l t e r n a t e  
method o f  p r e p a r a t i o n  i n v o l v e d  t h e  r e a c t i o n  o f  t h e  a p p r o p r i a t e
5
s l l a n o l  I n  h e x a m e t h y l d i s i l o x a n e  w i t h  u r a n i u m - p e n t a k i s t r i m e t h y l -  
s i l y l o x i d e .  (1 5 )
U(OSiMe3 ) 5  + 5R3SiOH -  U(OSiR3 > 5  + 5Me3SiOH (10)
The e x c h a n g e  r e a c t i o n  was  fo u n d  t o  p r o d u c e  l ^ O C j H ^ ) ^  
(CF^OCHCO^CjH^)^ when U(OEt), .  was  r e a c t e d  w i t h  2 m o le s  o f  e t h y l  
2 , 2 , 2 - t r i f l u o r o a c e t o a c e t a t e . ( 1 6 )
The a c i d i c  b e h a v i o r  o f  u ra n iu m (V )  e t h o x i d e  was shown 
t h r o u g h  t h e  f o r m a t i o n  o f  c o m p le x e s  w i t h  more b a s i c  a l k o x i d e s .  The 
s e r i e s  o f  compounds MU(OC2 H3) + ^ M  = Na, x  = 1 ,  M = C a ,  x  = 2 ,
M = A l ,  x = 3 ,  was  p r e p a r e d  by r e a c t i o n  o f  u ra n iu m (V )  e t h o x i d e  i n  
a b s o l u t e  e t h e r  w i t h  t h e  a p p r o p r i a t e  m e t a l  e t h o x i d e . ( 1 6 )  The a c i d i c  
n a t u r e  o f  t h e  U(OR) 3  compounds  was  f u r t h e r  i l l u s t r a t e d  by t h e i r  
a b i l i t y  t o  fo rm  a d d i t i o n  compounds  w i t h  a m i n e s .  R e a c t i o n s  o f  
u ra n iu m (V )  a l k o x i d e s  w i t h  a c i d i c  r e a g e n t s  b r o u g h t  a b o u t  c l e a v a g e  o f  
one  o r  more OR g r o u p s .  R e a c t i o n s  w i t h  o n e ,  two o r  t h r e e  m o le s  o f  
h y d r o g e n  c h l o r i d e  p r o d u c e d  U(0 C2 H5 ) 4 C1 , U(OC2 H5 >3 C l 2  and  U(OC2 H5 ) 2 C 1 3 . 
A d d i t i o n  compounds o f  t h e  t y p e  U(OCH2 CF3 ) ^  • 2(CH3 ) 3N w e re  fo rmed 
when p e n t a ( 2 f 2 , 2 - t r i f l u o r o e t h o x y ) u r a n i u m ( V )  was r e a c t e d  w i t h  v a r i o u s  
a m i n e s .
Some o t h e r  a d d u c t s  h a v e  b e en  o b t a i n e d  w i t h  t h e  a l k o x i d e s .
The r e a c t i o n  o f  U ( 0 E t ) 3  w i t h  an e x c e s s  o f  But 0H i n  b o i l i n g  b e n z e n e  
p r o d u c e d  U(OBu^)^ • But 0H. When t h i s  a d d u c t  was r e a c t e d  w i t h  p y r i d i n e  
a new a d d u c t ,  U(OBut > 5  * was  fo r m e d .  (1 0 )  A d d u c t s  w e re  a l s o
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r e p o r t e d  w i t h  h a l i d e  a l k o x i d e s ,  U(OR)Cl^ * MeCO^R (R = E t  and  P r 1)
( 1 3 )  and  U(OR)Br4  . CH3COR (R = E t  o r  Am). (1 4 )
O t h e r  a l k o x i d e s  w h ic h  h a v e  b e e n  p r e p a r e d  i n c l u d e  
U(OCH2 CH:CH2 ) 5 , U(OCH2 CH2 NEt2 ) 5  and  U(OCH2 CH2 SCH2 CF3 ) ^  ( 8 )
The p r o t o n  m a g n e t i c  r e s o n a n c e  s p e c t r u m  o f  [U(OEt ) 3 ^ 2  
h a s  b e e n  s t u d i e d  i n  CFCl^ and  CDCl^* ( 1 7 )  T h e s e  s t u d i e s  i n d i c a t e  
t h a t  f r o m  -65°C  t o  room t e m p e r a t u r e  t h e  s t r u c t u r e  o f  t h e  d im e r  
i n v o l v e s  a d o u b l e  a l k o x i d e  b r i d g e  and  6 - c o o r d i n a t e d  U(V) i o n s .
The s p e c t r u m  o b t a i n e d  a t  t h e  l o w e r  t e m p e r a t u r e  i n d i c a t e s  an 
I n c r e a s e  i n  m o l e c u l a r  c o m p l e x i t y .  The s p e c t r u m  o f  U(OPr*")3  s u g g e s t s  
a m i x t u r e  o f  monomer and  d i m e r  a t  room t e m p e r a t u r e  w i t h  p r e d o m i n a t e l y  
t h e  d i m e r  f o r m  a t  low t e m p e r a t u r e .
O n ly  a few s t u d i e s  h a v e  b e en  done w i t h  t h i s  c l a s s  of  
com pounds .  The few p h y s i c a l  p r o p e r t i e s  w h ic h  h a v e  b e en  r e p o r t e d  
f o r  t h e  f o r e g o i n g  compounds a r e  t a b u l a t e d  in  t h e  r e c e n t  r e v i e w  
o f  u ra n iu m (V )  c h e m i s t r y .  (18 )
b .  O x id e s  and  r e l a t e d  compounds
I n  t h e  c o u r s e  o f  a s t u d y  o f  u r a n i u m  o x i d e s  ( 1 9 )  r e p o r t e d  
i n  1948 t h e  f i r s t  p e r p a r a t i o n  o f  l^ O ^  i s  d e s c r i b e d .  ^ 2 ^ 5  Ma8 Pr e Pa r e c * 
by  h e a t i n g  t h e  c a l c u l a t e d  am o u n ts  o f  U0 2  and U^Og o r  U0 3  t o  a b o u t
i
1100°  C i n  s e a l e d  e v a c u a t e d  q u a r t z  c a p i l l a r i e s .  S i n g l e  c r y s t a l s  o f  
U^O^ w e re  p r e p a r e d  d u r i n g  t h i s  s t u d y  by t h e r m a l  d e c o m p o s i t i o n  o f  
U02 C12  a t  900°C.  The u n i t  c e l l  o f  I s  o r t h o r h o m b i c , a = 8 . 2 7 * 0 . 0 2 $ ,
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b = 3 1 . 6 5  ±  O . lX ,  c = 6 . 7 2  ±  0 . 0 2 8 ,  and  t h e r e  a r e  16 0^0^  p e r  u n i t  
c e l l .  From UO^ t o  a one  p h a se  r e g i o n  e x i s t s  i n  w h i c h  t h e
v a r i o u s  s t r u c t u r e s  c o n t i n u o u s l y  c h a n g e  f ro m  one t o  a n o t h e r .
The r e a c t i o n  o f  UO^ w i t h  H2 S 0 4  a t  ®^°c  y i e l -d 8  U2 °5  an<i
t h e  r e a c t i o n  o f  U_0_ and H-SO, y i e l d s  0 . 0  i n  t h e  t e m p e r a t u r e  r a n g e
J O Z H Z J
0 - 140°C. ( 2 0 )
The c o m p o s i t i o n ,  s t r u c t u r e ,  t h e r m a l  r e s i s t a n c e  and
c o n d i t i o n s  f o r  s y n t h e s i s  o f  0 ^ 0 ^ h a v e  b e en  i n v e s t i g a t e d  by  o t h e r
w o r k e r s .  ( 2 1 ) U3 °q  ^ y  ^  d i s s o v l e d  i n  10-157. H2 S 0 4  t o  Proclllce
U2 ° 5 ‘ F o l l o w i n g  a d i s s o l u t i o n  p e r i o d  o f  2 . 5  - 3 h o u r s ,  t h e
i s  o b t a i n e d .  U2 ° 5  i s  s t a ^ ^ e be lcw  200°C. X - r a y  p h a s e  a n a l y s i s  shows
a n  i r r e v e r s i b l e  p h a s e  t r a n s f o r m a t i o n  w h ic h  o c c u r s  i n  the r a n g e
20 0 °  - 300°C t o  p r o d u c e  Ur 0 , _ and  o x i d a t i o n  o f  U„0,  t o  U,Ott o c c u r s5 13±x 2 5 3 8
i n  t h e  r a n g e  30 0 °  - 400°C .  I t  i s  s t a t e d  ab o v e  t h a t  ^ 2 ^ 5
o r t h o r h o m b i c ,  h c w e v e r ,  t h i s  more r e c e n t  s t u d y  ( 2 1 ) r e p o r t s  a
h e x a g o n a l  s t r u c t u r e .  I t  i s  p o i n t e d  o u t  t h a t  t h e  s t r u c t u r e  o f  l^O,.
i s  q u i t e  d i f f e r e n t  f rom  t h a t  o f  rh o m b ic  U_0Q and U ,0  _ b u t  t h a t  i t
j  o  )  1 j
i s  much c l o s e r  t o  t h e  s t r u c t u r e  o f  h e x a g o n a l  U^Og and a  - U^Og.
The e x i s t e n c e  o f  U(V) i o n s  i s  a ssum ed  i n  U(>2 +x t o  a c c o u n t  
f o r  d e f e c t  o r d e r i n g  and  i t s  v a r i a t i o n  w i t h  t e m p e r a t u r e .  The n o t a b l e  
d e f e c t s  a r e  c o n s i d e r e d  t o  be 0  i o n s  i n  s t a b l e  a s s o c i a t i o n  w i t h  0  
v a c a n c i e s  and  U(V) i o n s  and  u n a s s o c i a t e d  U(V) i o n s . ( 2 2 )
Many u r a n a t e s  and d i u r a n a t e s  o f  U(V) have  b e e n  p r e p a r e d .  
H e a t i n g  UOj w i t h  Li jUO^ o r  NajUO^ . in v a c u o  a t  6 5 0 °  - 750°C g i v e s
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LiUO^ and NaUO^. (23)  I t  i s  r e p o r t e d  t h a t  t h e  r e s i s t a n c e  o f  t h e s e  
compounds t o  w a t e r  and  a c i d s  e x c e e d s  t h a t  o f  t h e i r  U(VI) c o u n t e r p a r t s .  
CrUO^ i s  found t o  be p r e s e n t  i n  a s t u d y  o f  t h e  s y s te m  .
( 2 4 )  BiUO^ i s  formed by t h e  f o l l o w i n g  r e a c t i o n :
2 B i 2 0 3  + U3 0 8  + U02  -  4BiU04  (1 1 )
The m a g n e t i c  b e h a v i o r  and t h e  a b s o r p t i o n  s p e c t r u m  i n  t h e  n e a r
i n f r a r e d  r e g i o n  c o n f i r m  t h e  U(V) o x i d a t i o n  s t a t e .  BiUO^ c r y s t a l l i z e s
i n  t h e  f l u o r i t e  s t r u c t u r e .  ( 2 5 ) .
The f i r s t  o f  a s e r i e s  of  p a p e r s  on t e r n a r y  o x i d e s  o f  U(V) 
d e s c r i b e s  t h e  p r e p a r a t i o n  o f  a number o f  U(V) o x i d e s .  The p r e p a r a t i o n ,  
p r o p e r t i e s  and l a t t i c e  c o n s t a n t s  a r e  g i v e n  f o r  MUO  ̂ (M = L i ,  Na, K, R b ) , 
M'U2 0 6  (M' = Co, N i ,  Mg, Mn, C d ) , O . I S L ^ O  ■ U ^ ,  0 . 5 L i20 ■ U ^ ,
Na20 • and  KjO * ^ 0 ^ .  (2 6 )  A s t u d y  o f  t h e  t e r n a r y  o x i d e s  o f
U(V) w i t h  t r i v a l e n t  c a t i o n s  (2 7 )  c o n t i n u e s  t h i s  s e r i e s .  A f l u o r i t e  
s t r u c t u r e  i s  found f o r  MUO^ (M = S c ,  Y, Nd, Sm, Eu, Gd, Yb and B i ) .
FeUO^ and CrUO^ a r e  found t o  be isom orphous  and  t h e  r e f l e c t a n c e  
s p e c t r a  o f  CrUO^ i s  c o n s i d e r e d  t o  c o n f i r m  a  c o o r d i n a t i o n  number o f  
s i x  i n  t h e  compound.
MgU„0, and CaU_0, have  b e e n  p r e p a r e d  by t h e r m a l  d e c o m p o s i t i o n
2 O 4 D
o f  MU„0_. BaU„0, i s  p r e p a r e d  by r e d u c t i o n  of  BaU„0_ w i t h  ammonia 
2 7 2 2 7
a t  600°C. ( 2 8 , 2 9 ) .
B aj l^O^ was p r e p a r e d  by S c h o l d e r  and B i x n e r  (3 0 )  and i n  
a r e c e n t  s t u d y  of  t h i s  compound by Kemmler-Sack (3 1 )  t h e  compound
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was p r e p a r e d  by  t h e  f o l l o w i n g  r e a c t i o n :
Ba2U05 + U02 -* Ba2U20 ? ( 1 2 )
Ba2 U2 0 ? i s  m o n o c l i n i c  w i t h  a d e fo rm e d  p y r o c h l o r s t r u c t u r e .
Mixed m e t a l  o x i d e s  c o n t a i n i n g  U(V) have  b e e n  s t u d i e d .
The f i r s t  r e p o r t  ( 3 2 )  o f  s u c h  compounds s t a t e s  t h a t  t h e  c o m p o s i t i o n  i s  
a ssum ed  f ro m  c a t i o n  r a t i o s  i n  t h e  m i x t u r e s  and  g i v e s  no a d d i t i o n a l  
c o n f i r m a t i o n  o f  t h e  p e n t a v a l e n t  s t a t e  o f  u r a n i u m .  The compounds  r e p o r t e d  
a r e  BaMUO^ (M = C r t S c ,  Y, E r ,  I n )  and S^MUO^ (M = C r ,  I n ) .  A more 
d e t a i l e d  s t u d y  o f  a compound o f  t h i s  t y p e  c o n c e r n s  Ba2 UFeOg. ( 3 3 )
The compound i s  fo rm ed  when t h e  f o l l o w i n g  r e a c t i o n s  o c c u r  i n  a  h e a t e d
q u a r t z  am pu le  s e a l e d  u n d e r  vacuum .
B a 3U F e2 Og + BaUC>3 -  2B a2 UFeO^ ( 1 3 )
B a2F e 0 4  + U 02 -  B a2UFeOfe ( 1 4 )
B a 3U 06 + BaUO^ + 2 / 3 ( F e 2C>3 +Ete) -* 2B a2 U F e06 ( 1 5 )
The p r e s e n c e  o f  U(V) i s  c o n f i r m e d  f r o m  a  s t u d y  o f  t h e  p a r a m a g n e t i s m .
A c r y s t a l l o g r a p h i c  s t u d y  o f  t h e  mixed  o x i d e  shows i t  i s  a p e r o v s k l t e  
and t h e  p r o b a b l e  s p a c e  g r o u p  i s  Fm3m.
O x o h a l i d e  compounds h a v e  b e e n  p r e p a r e d  c o n t a i n i n g  t h e  UO* 
and UO^+ i o n s .  F r i g e n t  h a s  p r e p a r e d  and  s t u d i e d  U O Br^  ( 3 4 , 3 5 , 3 6 )
The compound i s  p r e p a r e d  by  r e a c t i o n  o f  c a r b o n  t e t r a b r o m i d e  on U03
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ab o v e  110°C.
2U03  + ^CBr^ -  2UOBr3  + 4COBr2  + B r 2  (16 )
The o x o b ro m ld e  b e g i n s  t o  decompose  a t  200°C and I s  c o m p l e t e l y
d i s s o c i a t e d  t o  U0Br2  and  B r 2  a t  300°C. The d i s m u t a t i o n  o f  UOBr^ i n
a q u e o u s  s o l u t i o n  h a s  b e en  s t u d i e d  a s  a f u n c t i o n  o f  c o n c e n t r a t i o n  and 
pH. ( 3 7 )  The s t u d y  o f  t h e  d i s m u t a t i o n  o t  UOBr^ was e x t e n d e d  t o  
n o n - a q u e o u s  s o l v e n t s ,  ( 3 8 )  and  i t  was  o b s e r v e d  t h a t  i n  s o l v e n t s  w h ic h  
<b n o t  c o n t a i n  o x y g e n  t h a t  t h e  r a t e  o f  d i s m u t a t i o n  i s  s low  com pared  t o  
t h a t  i n  w a t e r .
UOCl^ h a s  a p p a r e n t l y  b e en  p r e p a r e d  by  t h e  r e a c t i o n  o f  UCl^ 
w i t h  U02 C12 , ( 3 9 )  and i t  h a s  b e e n  r e p o r t e d  a s  a n  i n t e r m e d i a t e  i n  t h e  
p r e p a r a t i o n  o f  a h i g h e r  u r a n i u m  c h l o r i d e  by t h e  r e a c t i o n  o f  CCl^ 
on  UOj. ( 4 0 )  An e x c h a n g e  r e a c t i o n  b e tw e e n  MoCl^ and  UO^ h a s  r e c e n t l y  
b e e n  r e p o r t e d  t o  y e i l d  UOCl^. (4 1 )
U03  + MoCl5  -  UOCL.J + Mo02 C12  (17 )
The r e a c t i o n  o c c u r s  i n  a n  e v a c u a t e d  g l a s s  am p o u le  a t  200°  - 300°C.
The h y d r o l y s i s  p r o d u c t s  o f  U0 C1 3  w e re  i n v e s t i g a t e d  by I n f r a r e d  
a b s o r p t i o n  s t u d i e s ,  (4 2 )  b u t  t h e r e  1b l i t t l e  i n f o r m a t i o n  a v a i l a b l e  on 
U0C13  p e r  s e .
The f i r s t  compound c o n t a i n i n g  t h e  UO* w h i c h  was i s o l a t e d  
i n  t h e  s o l i d  s t a t e  i s  U02 B r .  (4 3 )  The p r e p a r a t i o n  i n v o l v e s  t h e  r e a c t i o n  
o f  U03  w i t h  HBr a t  250°C.
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U03  + 2HBr -  UO^Br + l / 2 B r 2  + H20  ( 1 8 )
The p r o d u c t  I s  a brown s o l i d ,  w h i c h  i s  s t a b l e  t o  500°C.  I f  t h e
r e a c t i o n  i s  c a r r i e d  o u t  a t  a m b i e n t  t e m p e r a t u r e  a h y d r a t e ,  U0 2Br • 2 H2 0
i s  o b t a i n e d  w h i l e  a t  -20°C  t h e  p r o d u c t  i s  U02 B r 2  ■ H2 0 ,  a U(VI)
compound. L e v e t  (4 4 )  h a s  v e r y  r e c e n t l y  r e p o r t e d  t h e  p r e p a r a t i o n  o f
U02 C1 by r e d u c t i o n  o f  U02 C12  w i t h  UC>2  a t  590°C o r  a t  t h e  same
t e m p e r a t u r e  by t h e  r e a c t i o n  o f  U^Og and UCl^ .  The l a t t e r  r e a c t i o n
i s  c a r r i e d  o u t  u n d e r  a r g o n  f o r  72 h o u r s .  The b r o w n - v i o l e t  n e e d l e s  o f
U02 C1 a r e  s t a b l e  u n d e r  a r g o n  up t o  600°C.  X - r a y  d i f f r a c t i o n  s t u d i e s
a r e  r e p c r  t e d  f o r  t h i s  compound and  m a g n e t i c  d a t a  i s  p r e s e n t e d  t o
c o n f i r m  t h e  o x i d a t i o n  s t a t e .
A s t u d y  o f  u r a n i u m o x o f l u o r i d e  p h a s e s ,  UO F ( x  = 2 . 0 0  - 2 . 5 8 ,x  y
y = 0 . 1 7  - 1 . 0 0 ) i n c l u d e s  5  p h a s e s  c o n t a i n i n g  p e n t a v a l e n t  u r a n iu m :
U° 2 . 33F 0 . 33* UO2 . 2 5 F p .50*  UO2 . 1 7 F 0 . 6 7 ’ U° 2 . 0 8 F0 .8 3 *  U0 2 . 0 0 F 1 . 0 0 ’
M a g n e t i c  s u s c e p t i b i l i t y  and  s p e c t r a l  d a t a  a r e  r e p o r t e d  t o  s u p p o r t  t h e
s t r u c t u r e s  g i v e n .  The compounds have  s t r o n g  s t r u c t u r a l  r e l a t i o n s h i p s
t o  t h e  o x i d e s  ^ 2 ^ 5  t 0  ^ 3  an t  ̂ cotlt£,i n O-U-O c h a i n s .  ( 4 5 )
R e c e n t  m a g n e t i c  and  s p e c t r o s c o p i c  s t u d i e s  have  c o n f i r m e d  th e
p r e s e n c e  o f  UO* i n  t h e  s e r i e s  o f  compounds KPbl^O^F, RbPbUjO^F and
T l P b U _ 0 ,F .  (5 2 )  C r y s t a l  c o n s t a n t s  a r e  a l s o  g i v e n  f o r  t h e s e  compounds .
Z  o
I t  i s  fo u n d  t h a t  Pb 2 U2 0^ fo r m s  s o l i d  s o l u t i o n s  w i t h  NaUO^F up t o  t h e
c o m p o s i t i o n  P b ^ j O ^  * NaUO^F. (4 6 )  The p r e p a r a t i o n  o f  p y r o c h l o r o - t y p e




g r o u p  0h -Fd3m, I s  r e p o r t e d .  (4 6 )  The compounds a r e  p r e p a r e d  by t h e  
f o l l o w i n g  t h r e e  m e th o d s ;
2A*F + 2AUOa  + 2U02  -  2A'AU2(>6F (1 9 )
AF_ + AlUO. + AUO. + 2U0_ -  2A'AU„0,F (2 0 )
Z Z  U  h  Z  Z  b
A^U04  + 2AO + U03  + 1 .5 U 0 2  + 0 .5U F 4  -  2 A ' A U ^ F  (2 1 )
M a g n e t i c  and  s p e c t r a l  s t u d i e s  o f  t h e  compounds  ( 4 7 )  shew t h a t  
KSr l^O ^F ,  RbSrUjO^F, K B a U ^ F  and  RbBal^O^F a r e  r e g u l a r  u r a n i u m - o x y g e n
o c t a h d r a  w h i l e  t h e  o t h e r  compounds  p r e p a r e d  a r e  d i s t o r e d  o c t a h e d r o n s .
U02  i s  fo rm ed  when MgU04  i s  d i s s o l v e d  i n  L iC l -M g C l 2  a t  
650°C.  UOj i s  a l s o  fo rm ed  when U02 C12 , ^ O g  o r  UO^ i s  d i s s o l v e d  i n  
v a r i o u s  m o l t e n  s a l t  s o l u t i o n s .  The p r e s n e c e  o f  U02  i s  i d e n t i f i e d  
i n  t h e s e  i n v e s t i g a t i o n s  by a s t u d y  o f  t h e  s p e c t r a  o v e r  t h e  r e g i o n  
300 t o  1900 m ^ . ( 4 8 , 4 9 )  The s p e c t r a l  d a t a  w i l l  be d i s c u s s e d  i n  t h e  
s e c t i o n  on s p e c t r a l  s t u d i e s .
T r e a t m e n t  o f  a n  a l c o h o l i c  s o l u t i o n  o f  UC1,. * S0C12  w i t h  
p y r i d i n e  was r e p o r t e d  t o  p r o d u c e  (C^H^N)jUOCl^. ( 6 ) However ,  t e c e n t  
I n f o r m a t i o n  ( 3 0 )  i n d i c a t e s  t h e r e  may be a q u e s t i o n  a s  t o  w h e t h e r  t h i s  
compound c o n t a i n s  U (V ) . The a u t h o r s  i n d i c a t e  t h a t  t h e i r  d a t a  d o e s  no t  
r u l e  o u t  a mixed  U(IV) -  U(VI) compound.
The compounds  R ^ O B r ^  and  R ^ O C l ^  (R  = E t 4 N+ o r  Ph4 As+) 
h a v e  b e en  p r e p a r e d  and s t u d i e d .  The compound ( E t 4 N)jUOCl^ i s  found  
t o  be s t a b l e  i n  a i r  b u t  n o t  t c w a r d  h i g h  h u m i d i t y .  ( 5 0 ) .
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An e x t e n s i v e  l i s t  o f  r e f e r e n c e s  c o n c e r n i n g  t h e  s t u d y  o f
UO* i n  s o l u t i o n  h a s  b e en  p r e s e n t e d  i n  t h e  r e c e n t  r e v i e w  o f  u ra n iu m (V )
24-
c h e m i s t r y .  ( 1 8 )  I t  i s  c o n c l u d e d  t h a t  UO^ u n d e r g o e s  r e d u c t i o n  t o  
p r o d u c e  IK^ and  t h e  r e v e r s i b l e  n a t u r e  o f  t h e  r e d u c t i o n  i s  c o n s i d e r e d  
s t r o n g  e v i d e n c e  f o r  t h e  same d e g r e e  o f  o x y g e n a t i o n  i n  t h e  U(V) and  
U(VI) s p e c i e s .
C a l c u l a t i o n s  show t h a t  t h e  w e l l  d e f i n e d  p e r i o d i c i t y  i n  t h e  
c h a n g e s  i n  e q u i l i b r i u m  c o n s t a n t  f o r  t h e  d l s p r o p o r t i o n a t i o n  o f  MO*
(M = U o r  o t h e r  a c t i n i d e  e l e m e n t s )  i s  a s s o c i a t e d  w i t h  c h a n g e s  i n  t h e  
p a r i t y  o f  t h e  e l e c t r o n  c o n f i g u r a t i o n  o f  t h e  io n s *  (5 1 )  I t  i s  r e p o r t e d  
t h a t  c h a n g e s  i n  p a r i t y  a f f e c t  t o  a marked  e x t e n t  t h e  p o t e n t i a l s  o f
M(V) -  M(VI) p a i r s  and t o  a l e s s e r  e x t e n t  t h e  p o t e n t i a l s  o f
M(IV) -  M(VI) p a i r s .
A r e c e n t  r e p o r t  d e s c r i b e s  t h e  p r e p a r a t i o n  o f  t h e  f i r s t  U(V) 
s u l f i d e .  ( 5 2 )  KUS3  i s  p r e p a r e d  by m ix in g  a n  e x c e s s  o f  s u l f u r  w i t h  
KUS^ i n  a v y c o r  t u b e  u n d e r  a r g o n  and  h e a t i n g  a t  750°C f o r  s e v e r a l  d a y s .  
I t  was  n o t e d  t h a t  t h e  b l a c k  c r y s t a l s  o f  KUS^ a r e  l e s s  o x i d l z a b l e  and
l e s s  h y g r o s c o p i c  t h a n  KUS^. A s t u d y  o f  m a g n e t i c  s u s c e p t i b i l i t y  c o n f i r m s
t h e  p e n t a v a l e n t  s t a t e  o f  u r a n i u m .
c .  H a lo g e n  compounds and  c o m p le x e s
The p e n t a v a l e n t  h a l i d e s ,  U F j ,  UCl^ and UBr^, a r e  known b u t  
UI^ h a s  n o t  b e en  p r e p a r e d .  UF^ c a n  be  p r e p a r e d  by r e a c t i o n  o f  UClg 
w i t h  a n h y d r o u s  HF (5 3 )  and  by  h e a t i n g  UF^ w i t h  a n  e x c e s s  o f  UF^ a t
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9 5°  -  100°C f o r  20 - 100 h o u r s .  (5 4 )  A s e m i - c o n t i n u o u s  p r o c e s s  f o r  
t h e  p r e p a r a t i o n  o f  UF^ h as  been  d e v i s e d  u s i n g  t h e  f o l l o w i n g  r e a c t i o n :  
(55)
2UF, + 2HBr -  2UF_ + 2HF + B r .  (22 )O D Z
The m e l t i n g  p o i n t  o f  UF^ i s  348°C. (56)  The f o r m a t i o n  of  UF^ i s  
n o t e d  a s  a m in o r  p r o d u c t  i n  t h e  r e a c t i o n  b e tw een  UF^ and BrF^.
(5 7 )  The c r y s t a l  s t r u c t u r e  ha s  b e e n  d e t e r m i n e d  f o r  of-UF^ and 0-UF^. 
Both  m o d i f i c a t i o n s  a r e  t e t r a g o n a l  b o d y - c e n t e r e d  s t r u c t u r e s .  I n  
a-UF^ e a c h  u ra n iu m  a tom  i s  bonded t o  s i x  f l u o r i n e  a to m s ,  w h i l e  in  
R-UF^ e a c h  u ra n iu m  a tom  i s  bonded t o  s e v e n  f l u o r i n e  a to m s .  (58 )
The t r a n s i t i o n  t e m p e r a t u r e s  o f  a  and 0-UF,. i s  c a l c u l a t e d  a s  125°C 
from e q u a t i o n s  f o r  e q u i l i b r i u m  p r e s s u r e .  i s  s t a b l e  above  125°C;
ho w ev er ,  c o m p le t e  c o n v e r s i o n  of  t h e  0  fo rm  may r e q u i r e  t w e lv e  h o u r s  
a t  185°C. (40 )
A d e s c r i p t i o n  o f  a r e a c t i o n  o f  UCl^ w i t h  PCl^  t o  form 
UC1,. • PCI,, w h ic h  a p p e a r e d  i n  t h e  y e a r  1873 seems t o  be t h e  f i r s t  
r e f e r e n c e  i n  t h e  l i t e r a t u r e  t o  a u ran ium (V )  compound. (59)  A method 
o f  p r e p a r a t i o n  o f  UCl^ was g i v e n  in  an  a r t i c l e  a p p e a r i n g  th e  f o l l o w i n g  
y e a r .  (60 )  UCl^ i s  formed when a m i x t u r e  o f  d r y  C l^  i s  h e a t e d  w i t h  
p u r e  c a r b o n  and a n  o x id e  o r  o x y c h l o r i d e  o f  u r a n iu m .  A s law  r e a c t i o n  
p ro d u c e s  n e e d l e - s h a p e d  r u b y  r e d  c r y s t a l s  w h i l e  a f a s t  r e a c t i o n  p r o d u c e s  
a  brown pow der .  H e a t i n g  UO^ o r  U^Og i n  a s e a l e d  tu b e  w i t h  C l^  o r
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CCl^ p r o d u c e s  UCl^ .  ( 6 1 )  The p r e s e n c e  o f  UC1,. was  n o t e d  a s  an
I n t e r m e d i a t e  d u r i n g  t h e  r e a c t i o n  o f  UO^ and h e x a c h l o r o p r o p e n e  t o
p r e p a r e  UCl^ .  (6 2 )  The m o l e c u l a r  w e i g h t  d e t e r m i n e d  by e b u l l i o s c o p y  i n
CC1, i n d i c a t e s  t h a t  UCl,, o c c u r s  a s  a  d i m e r  i n  s o l u t i o n .  (4 0 )  A 4  5
c r y s t a l  s t r u c t u r e  d e t e r m i n a t i o n  o f  UCl^ shows t h a t  i t  fo r m s  m o n o c l i n i c
c r y s t a l s .  ( 6 3 )  The s t r u c t u r e  h a s  a  c u b i c  c l o s e s t  p a c k i n g  o f  c h l o r i n e
a t o m s ,  i n  w h ic h  u r a n i u m  a to m s  o c cu p y  o n e - f i f t h  o f  t h e  o c t a h e d r a l  h o l e s
and two s u c h  o c t a h e d r a  f r o m  a d i m e r i c  u n i t .  T h u s ,  t h e  e x i s t a n c e  o f
UCl^ a s  a  d im e r  i n  t h e  s o l i d  s t a t e  and  i n  s o l u t i o n  i s  c o n f i r m e d .
UBr<- h a s  b e e n  p r e p a r e d  and s t u d i e d  by P r i g e n t .  ( 3 5 , 6 4 , 6 5 )
The compound i s  p r e p a r e d  by t h e  r e a c t i o n  o f  UO^ and CBr^ o r  by  t h e
r e a c t i o n  o f  UO^ and  COBr^* UBr^ d e co m p o se s  on  h e a t i n g  t o  p r o d u c e
UBr, and  B r_ .4 2
Some v e r y  i n t e r e s t i n g  r e s u l t s  o f  s t u d i e s  o f  U(V) i n
a q u e o u s  s o l u t i o n  h a v e  b e e n  r e p o r t e d .  E a r l y  w ork  on U(V) i n  a q u e o u s
m ed ia  i n v o l v e d  o n l y  v e r y  d i l u t e  s o l u t i o n s  ( 1 0  ^M) o f  UO* i n  t h e
n a r r o w  pH r a n g e  2 - 4 .  ( 6 6 , 6 7 )  The U(V) i o n  i s  r a p i d l y  h y d r o l y z e d
i n  a q u e o u s  s o l u t i o n s  t o  UO^ w h i c h  h a s  b e e n  fo u n d  t o  be v e r y  u n s t a b l e
4+ 2+t o w a r d  d i s p r o p o r t i o n a t l o n  i n t o  U and  UO^ • ( 3 )  Rampy p r e p a r e d
NH. UF, by  t h e  r e a c t i o n  o f  g a s e o u s  NH-, on a n  e x c e s s  o f  U F , . The 4 6  3 6
NH^F * UF,. i s  s o l u b l e  i n  c o n c e n t r a t e d  a q u e o u s  HF. ( 6 6 ) The r e p o r t  
o f  t h e  s t a b i l i t y  o f  t h i s  compound i n  a q u e o u s  s o l u t i o n  l e d  o t h e r  
w o r k e r s  t o  a t t e m p t  t o  p r e p a r e  u ra n iu m (V )  f l u o r i d e s  i n  a q u e o u s  s o l u t i o n .
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NH^UFg h a s  a l s o  b e en  o b t a i n e d  by th e  r e a c t i o n  o f  l i q u i d  UF^ on NH^F
a t  120°C. (6 9 )  The p r o d u c t  o b t a i n e d  i n  t h i s  c a s e  was r e p o r t e d  to
be decomposed by w a t e r  v a p o r .
A sp r e y  and Penneman (7 0 )  found  t h a t  when UF^ i s  d i s s o l v e d
i n  a q u e o u s  HF s u r p r i s i n g l y  s t a b l e  s o l u t i o n s  o f  U(V) r e s u l t .  The
b l u e ,  c r y s t a l l i n e  compound, HUFg ■ 2 . 5 ^ 0  i s  fo rmed by c o o l i n g  a
5M s o l u t i o n  o f  U(V) to  -10°C .  The a b s o r p t i o n  s p e c t r u m  o f  t h i s
compound h a s  a p r o m i n e n t  a b s o r p t i o n  a t  1 . 3 6 ^  w hich  i s  v e r y  s i m i l a r
t o  t h a t  found  i n  t h e  s p e c t r a  o f  a n h y d r o u s  L i U F , ,  NaUF, and CsUF,b b 6
( v i d e  i n f r a ) . The l o w e r  h y d r a t e  HUF, * 1 .2 5 H -0  i s  o b t a i n e d  f ro m  aO A
s o l u t i o n  o f  U(V) i n  85-90% HF.
The d i r e c t  r e a c t i o n  o f  UF, and  NH.F o r  t h e  a l k a l i  f l u o r i d e s5 4
p ro d u c e d  compounds o f  t h e  t y p e  MF • UF^ (M = NH^, L i ,  Na, K, Rb and
C s ) . The compounds e x i s t  w i t h  t h e  r a t i o s  o f  1 : 1 ,  2 :1  ( e x c e p t  L i  and
Na) and  3 :1  ( e x c e p t  L i ) . b u t  no  c a s e s  o f  4MF:UF^ w ere  fo u n d .  The
compounds w e re  c h a r a c t e r i z e d  by X - r a y  powder d i f f r a c t i o n .  The
r e l a t i o n s h i p  of  s t r u c t u r e  and s p e c t r a  a r e  c o n s i d e r e d  i n  a l a t e r
s e c t i o n .  ( 7 1 , 7 2 )  To p r o d u c e  s i n g l e  c r y s t a l s  o f  MUF^ (M = L i ,  Na,
K, Rb, Cs and NH^) f i n e l y  d i v i d e d  UF^ h a s  b e e n  mixed w i t h  t h e
a p p r o p r i a t e  f l u o r i d e  and  t r e a t e d  w i t h  a n h y d r o u s  l i q u i d  HF. (73)
The rh o m b o h e d ra l  compounds L i U F , ,  NaUF, and CsUF, a r e  a c l e a r  b lu eo o o
w h i l e  t h e  p s e u d o - h e x a g o n a l  compounds KUFg. NH^UF^ and RbUF^ a r e  p a l e
y e l l o w - g r e e n .  A c r y s t a l  s t r u c t u r e  d e t e r m i n a t i o n  o f  CsUF, h a s  showno
t h e  compound t o  be rh o m b o h e d r a l  and in  t h e  s p a c e  g ro u p  R3. (7 4 )
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The u ra n iu m  atom h a s  t h e  s i x  f l u o r i n e  n e i g h b o r s  a t  2.057.X w h ic h  i n d i c a t e s  
an  o c t a h e d r o n  s l i g h t l y  c o m p re sse d  a l o n g  t h e  t h r e e  f o l d  a x i s .
A r e a c t i o n  o f  NO w i t h  UF^ p r o d u c e s  an i o n i c  n i t r o s y l  s a l t .
The r e a c t i o n  can  be r e p r e s e n t e d  by t h e  f o l l o w i n g  e q u a t i o n s :
NO(g) + UF6 (g )  -  NO!F(g) + UF5 ( s )  (23)
NOF(g) + UF5 ( s )  -  NO+ [UF6 ] ' ( s )  (24 )
X - r a y  d i f f r a c t i o n  d a t a  shows t h a t  t h e  g r o s s  g e o m e t r i c a l  a r r a n g e m e n t
i n v o l v e s  a n  N0+ i o n  I n  t h e  c e n t e r  o f  a  cube w i t h  UF, i o n s  a t  t h e
0
c o r n e r s .  (75)
UFg r e a c t s  w i t h  h y d r a z i n i u m ( + 2 ) f l u o r i d e  i n  l i q u i d  HF t o
p ro d u c e  N2 Hg(UFg)2 < When e x c e s s  h y d r a z i n l u m  f l u o r i d e  i s  p r e s e n t
N2 HgUF^ i s  p r o d u c e d .  ( 7 6 , 7 7 )  The m a g n e t i c  s u s c e p t i b i l i t y  d a t a  and
n e a r  i n f r a r e d  s p e c t r a  of  t h e  compounds w e re  p r e s e n t e d  w h ic h  c o n f i r m
t h e  p r e s e n c e  o f  U(V) i n  t h e  compounds.
A s e r i e s  o f  f l u o r i d e  com plexes  have  b e en  p r e p a r e d  by th e
r e a c t i o n  o f  a d i v a l e n t  m e t a l  f l u o r i d e  w i t h  a s o l u t i o n  o f  UF, i n5
40-50% HF. The r e a c t i o n  p r o d u c e s  an im m e d ia t e ,  a b u n d a n t  p r e c i p i t a t e  
o f  ^2^*12  " ^ ^ 2 ^  ^  = C°» N i ,  C u ) . The compounds w ere  c h a r a c t e r i z e d  
by D e b y e - S c h e r r e r  p a t t e r n s  and  i n f r a r e d  s p e c t r a  and c h e m i c a l  a n a l y s e s .
The n e a r  I n f r a r e d  s p e c t r a  shows t h e  c h a r a c t e r i s t i c  bands  o f  U(V).
( 7 8 , 7 9 )
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Na^UF was  p r e p a r e d  by t h e  r e a c t i o n  o f  NaUF^ w i t h  i n  a 
c o p p e r  t u b e  a t  39 0 °  -  40 0 °C .  ( 8 0 )  The m a g n e t i c  moment d e t e r m i n e d  
f rom  s u s c e p t i b i l i t y  c o e f f i c i e n t s  i n  t h e  t e m p e r a t u r e  r a n g e  77°  -  453°C 
was 2 . 2 9  Bohr  M a g n e t o n s .
The h e x a c h l o r o u r a n a t e ( V )  compounds  c o u l d  n o t  b e  p r e p a r e d  
i n  a q u e o u s  s o l u t i o n  due t o  t h e  r a p i d  d i s p r o p o r t i o n a t i o n  o f  U(V) i n  
HC1. The h e x a c h l o r o u r a n a t e  compounds  w e r e  p r e p a r e d  by r e a c t i o n  o f  
c h l o r i d e s  w i t h  a t h i o n y l  c h l o r i d e  s o l u t i o n  o f  UCl^ .  (8 1 )  M a g n e t i c ,  
c r y s t a l l o g r a p h i c  and  s p e c t r a l  p r o p e r t i e s  w e r e  p r e s e n t e d  f o r  MUClg 
(M = C s ,  Me2 HN, and P h ^ A s ) . The o c t a c h l o r o u r a n a t e ( V )  compound,
(Me .N)_UC1_, was  p r e p a r e d  by t h e  same r e a c t i o n .  A c o n d u c t o m e t r i c
H J  O
s t u d y  o f  a n  a d d i t i o n  compound o f  UCl^ * SOCl^ w i t h  p y r i d i n e  was  made.
2 -  3-The r e s u l t s  i n d i c a t e d  t h e  p r e s e n c e  o f  UC1,,  UC1_ , and UC1_ i n
o 7 o
s o l u t i o n .  O t h e r  h e x a c h l o r o u r a n a t e s ( V )  h a v e  b e e n  p r e p a r e d  by  a
d i f f e r e n t  m e th o d .  RbUCl^ and  (C ^H ^^ N U C l^  a r e  p r o d u c e d  by  r e a c t i o n
o f  t h e  a p p r o p r i a t e  c h l o r i d e  w i t h  UCl^ • TCAC i n  t h i o n y l  c h l o r i d e .
( 8 2 )  . The s p e c t r a l  d a t a  and  o t h e r  d a t a  f o r  t h e  compounds i s  d i s c u s s e d
i n  a l a t e r  s e c t i o n .
Ryan ( 5 0 , 8 3 )  h a s  p r e p a r e d  h e x a b r o m o u r a n a t e s ( V )  and
h e x a i o d o u r a n a t e s ( V ) . UBr, i s  o b t a i n e d  i n  d r y  m e th a n e  by o x i d a t i o no
2 -  +  +  o f  UBr^ w i t h  B r^ -  S a l t s  o f  Et^N and  Ph^As h a v e  b e e n  p r e p a r e d  by
t h i s  t e c h n i q u e .  The method c a n  a l s o  be  u s e d  f o r  p r e p a r a t i o n  o f
h e x a c h l o r o u r a n a t e s ( V ) . S a l t s  o f  U I ,  a r e  p r e p a r e d  by  t r e a t i n g  s a l t sb
2 -o f  UClg o r  UO^Cl^ w i t h  a n h y d r o u s  l i q u i d  H I .  UI^ s a l t s  a r e  e x t r e m e l y
19
u n s t a b l e  and  decompose  ab o v e  - 3 0 ° C .
d .  A d d i t i o n  compounds o f  t h e  u ran iu ra (V )  h a l i d e s
O n ly  a l i m i t e d  number o f  U(V) • a d d i t i o n  compounds  h a v e  b e e n  
p r e p a r e d .  The fo l lowing  a d d u c t s  have  b e e n  r e p o r t e d  f o r  a l k o x i d e  
compounds o f  U(V) : U(OBu> 5  * C ^ N ,  U(OBut > 5  * But OH> (1 0 )
U (0R )B r 4  * CH3COOR (R = E t  o r  Am) (1 4 )  and  U(0R)C14  • tfeCt^R 
(R  = E t  o r  P r ^ ) .  ( 1 3 )  Gas c h r o m a t o g r a p h y  and I n f r a r e d  s p e c t r u m  w ere  
used  t o  c o n f i r m  t h e  p r e s e n c e  o f  C^H^N i n  U(0Bu ) 3  • C^H^N. A n a l y s e s
and c o l o r s  a r e  t h e  o n l y  p r o p e r t i e s  g i v e n  f o r  t h e  o t h e r  com pounds .
B e c a u se  t h i s  d i s s e r t a t i o n  i s  p r i m a r i l y  c o n c e r n e d  w i t h  t h e  
p r e p a r a t i o n  and  s t u d y  o f  h a l i d e  a d d i t i o n  co m p o u n d s , t h e  compounds 
o f  t h i s  t y p e  r e p o r t e d  p r i o r  t o  t h e  p r e s e n t  s t u d y  w i l l  be d i s c u s s e d  i n  
more  d e t a i l  t h a n  t h e  o t h e r  c l a s s e s  o f  com pounds .  The f i r s t  r e f e r e n c e  
i n  t h e  l i t e r a t u r e  o f  U(V) compounds c o n c e r n s  t h e  p r e p a r a t i o n  o f  t h e  
compound f o r m u l a t e d  UCl^ • P C l ^ .  (5 9 )  The compound was p r e p a r e d  by 
r e a c t i o n  o f  UCl^ and  P C l^  i n  a s e a l e d  t u b e .  The compound h a s  a l s o  
b e e n  p r e p a r e d  by t h i s  r e a c t i o n :  (84 )
U03  + 4PC15  UC15  * PC15  + 3P0C13  + 1 /2 C 1 2  (25 )
When t h e  compound u n d e r g o e s  e l e c t r o l y s i s  i n  P0C13  i t  i s  f o u n d  t h a t
UC1, i s  l i b e r a t e d  a t  t h e  an o d e  w h i l e  P C I -  and  P C I-  a r e  l i b e r a t e d  a t  o J o
t h e  c a t h o d e .  The a u t h o r s  c o n s i d e r  t h a t  UCl^ * PC l^  e x i s t s  i n
n o n a q u e o u s  i o n i z i n g  s o l v e n t s  a s  (PCI*)  and  ( U C 1 , ) . The compound4 o
d i s p r o p o r t i o n a t e s  i n  w a t e r  y i e l d i n g  t e t r a v a l e n t  and  h e x a v a l e n t  u r a n i u m .
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The a b s o r p t i o n  s p e c t r u m  was g iven, f o r  t h e  r e g i o n  300 t o  1000 rap,.
S h a r p  maxima o c c u r  a t  960 mp and  a b o u t  873  my, w i t h  v e r y  s t r o n g  
a b s o r b a n c e  b e g i n n i n g  a t  340 mp,. (84 )
When UO^ i s  h e a t e d  b e tw e e n  150 -  200°C i n  a s e a l e d  t u b e  
w i t h  t h i o n y l  c h l o r i d e ,  UCl^ i n  t h e  fo rm  o f  a n  a d d i t i o n  compound i s  
p r o d u c e d .  UCl^ * SOCl^ i s  a  r e d - b r o w n  c r y s t a l l i n e  compound. The 
r e a c t i o n  o f  UO^Cl^ and  SOCl^ a l s o  p r o d u c e s  t h e  a d d i t i o n  compound. (85 )  
The r e f l u x i n g  o f  UO^ w i t h  t h i o n y l  c h l o r i d e  f o r  14 d a y s  was  fo u n d  t o  be 
a  more s u i t a b l e  p r o c e d u r e  t h a n  t h e  s e a l e d  t u b e  t e c h n i q u e  f o r  t h e  
p r e p a r a t i o n  o f  l a r g e r  am o u n ts  o f  UCl^ * S O C l j .  ( 6 ) UCl^ ■ S O C ^  
i s  b e l i e v e d  t o  e x i s t  a s  (S0C1+ ) ( U C 1 ~ ) . ( 8 6 ) The a d d u c t  U0C13  • 2EtOH 
h a s  b e e n  r e p o r t e d  t o  fo rm  f rom  t h e  r e a c t i o n  o f  UCl^ * SOCl^ and  EtOH. 
( 6)
A m o d i f i c a t i o n  o f  t h e  p r o c e d u r e  f o r  t h e  p r e p a r a t i o n  o f  
UCl^ by  t h e  r e a c t i o n  o f  UO^ and h e x a c h l o r o p r o p e n e  was u s e d  by 
P a n z e r  and  S u t t l e  i n  an  a t t e m p t  t o  p r o d u c e  UCl^ .  ( 8 7 )  However ,  t h e y  
o b t a i n e d  a d a r k  r e d  c r y s t a l l i n e  com plex  compound w h i c h  t h e y  f o r m u l a t e d  
a s  SUCl^ • CCl^ = CC1COC1. A c a r e f u l  s t u d y  o f  t h i s  compound (82 )  
showed t h a t  t h e  p r o d u c t  was  n o t  SUCl^ * CCl^ = CC1C0C1 b u t  
UClg • C C ^ C  = CC1C0C1. T h i s  compound, p e n t a c h l o r o ( t r i c h l o r o a c r y l y l -  
c h l o r l d e ) u r a n l u m ( V ) , h a s  b e e n  u s ed  i n  t h e  p r e s e n t  s t u d y  t o  p r e p a r e  
a v a r i e t y  o f  new com pounds .  The d e t a i l s  o f  p r e p a r a t i o n  and  p r o p e r t i e s  
o f  UCl^ * TCAC w i l l  be d i s c u s s e d  i n  t h e  s e c t i o n  on t h e  p r e p a r a t i o n  o f  
new compounds.
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Two o t h e r  c h l o r o  a d d i t i o n  compounds  h a v e  b e e n  r e p o r t e d ,
UCl^ * Ph^PO and UCl^ • ( C g H ^ J ^ P O .  ( 8 8 ) T h e se  compounds a r e  o b t a i n e d
when a s u s p e n s i o n  o f  CsUCl,  i n  m e t h y l e n e  c h l o r i d e  i s  t r e a t e d  w i t h  t h eo
l i g a n d .  An i n t e n s e  r e d  s o l u t i o n  o f  t h e  c o m p le x  i s  fo rm ed  a l o n g  w i t h  
s o l i d  C s C l .  A f t e r  s e p a r a t i o n  f r o m  C s C l ,  t h e  UCl^ * Ph^PO i s  i s o l a t e d  
by  vacuum e v a p o r a t i o n  o f  t h e  s o l v e n t  o r  by  p r e c i p i t a t i o n  w i t h  
i s o p e n t a n e .  UC1_ * (C0 H - _ P 0  was i s o l a t e d  by vacuum e v a p o r a t i o n .D O 1 / J
The t r i p h e n y l p h s o p h i n e o x i d e  c o m p lex  i s  a y e l l o w - o r a n g e  c r y s t a l l i n e  
s o l i d  and t h a t  o f  t r i - o c t y l p h o s p h i n e o x i d e  i s  a n  o r a n g e - r e d  o i l .  The 
c o m p le x e s  a r e  decom posed  by  m o i s t u r e ,  b u t  a r e  q u i t e  s t a b l e  u n d e r  a r g o n  
o r  i n  a n h y d r o u s  m e t h y l e n e  c h l o r i d e  s o l u t i o n .  R e a c t i o n s  s i m i l a r  t o  
t h o s e  above  w e re  o b t a i n e d  w i t h  b e n z y l d i p h e n y l p h o s p h i n e o x l d e  and  
o c t y l d i p h e n y l p h o s p h i n e o x i d e , b u t  i n f o r m a t i o n  on t h e  i s o l a t e d  p r o d u c t s  
w as  n o t  g i v e n .  The r e d  s o l u t i o n  was  o b t a i n e d  u s i n g  h e x a m e t h y l p h o s -  
p h o r a m i d e ,  hcw ev e r ,  d i s p r o p o r t i o n a t i o n  o c c u r r e d  w i t h i n  a few m i n u t e s .
The f i r s t  a d d i t i o n  compounds  o f  UBr^ h a v e  r e c e n t l y  been  
r e p o r t e d .  ( 8 9 )  UBr^ o b t a i n e d  by o x i d a t i o n  o f  UBr^ by l i q u i d  
b r o m i n e .  S u b s e q u e n t  t r e a t m e n t  w i t h  t r i p h e n y l p h o s p h l n e o x i d e  o r  
h e x a m e t h y l p h o s p h o r a m i d e  i n  a n h y d r o u s  m e t h y l  c y a n i d e  p r o d u c e d  s o l u b l e  
c o m p l e x e s .  The d a r k  r e d  c o m p le x e s  w e r e  I s o l a t e d  by vacuum e v a p o r a t i o n  
o f  e x c e s s  o x i d a n t  and  s o l v e n t .
2 .  M a g n e t i c  S u s c e p t i b i l i t y  S t u d i e s
M a g n e t i c  s u s c e p t i b i l i t y  m e a s u r e m e n t s  h a v e  b e e n  r e p o r t e d  f o r
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many o f  t h e  U(V) o x i d e s  and some o f  t h e  h a l i d e  and  h a l i d e  a d d i t i o n
compounds .  R ecen t  r e p o r t s  i n c l u d e  t h e  m e asu rem en ts  f o r  o x i d e s ,
an  a l k o x i d e  and a s u l f i d e  compound. The m a g n e t i c  s u s c e p t i b i l i t y
m easu rem en t  ( room t e m p e r a t u r e )  gave  t h e  v a l u e  530 i  20 x 10 ^ cgs
u n i t s  f o r  f o r  ant* t h i s  l e a d s  t o  = 1 .1 2  BM.
( 1 7 )  M a g n e t i c  moment d e t e r m i n a t i o n  h a s  c o n f i r m e d  t h e  p r e s e n c e  o f
U(V) i n  1 ^ 0 ^ .  The m a g n e t i c  moment i s  = 1 .4 7  ± 0 . 0 2  BM. (90)
V a lu e s  r e p o r t e d  by t h e s e  same w o r k e r s  f o r  o t h e r  o x i d e s  a r e
U = 1 .3 9  ± 0 . 0 2  BM f o r  U-0o and u „  = 1 . 6 2  ± 0 . 0 2  BM f o r  Uc0.  _. ^ e f f  3 8  * e f f  5 13
I t  i s  s u g g e s t e d  t h a t  t h e s e  v a l u e s  i n d i c a t e  t h e  p r e s e n c e  o f  4 and 2
a to m s  o f  U(V) p e r  U(VI) a to m ,  r e s p e c t i v e l y ,  i n  U _ 0 . -  and U~0_.
J 1 J  J O
O th e r  s t u d i e s  o f  U»0„ have g i v e n  v a l u e s  o f  u, , ,  = 1 . 6 4  BM (293°K)3 8  * e f f  7
(9 1 )  and H = 1*63 BM.(92) I t  i s  c o n c l u d e d  f rom  t h e s e  s t u d i e s  t h a t
U^Og i s  a 2 t o  1 m o la r  r a t i o  c o m b i n a t i o n  o f  U(V) a n a  U ( V I ) . A
r e c e n t  s t u d y  (93)  r e p o r t s  a v a l u e  o f  ue f f  w h ic h  g i v e s  s a t i s f a c t o r y
5+a g r e e m e n t  w i t h  t h e  v a l u e s  g i v e n  a b o v e .  However,  when t h e  y^ i s
c a l c u l a t e d  f o r  t h e  fo r m u la  O . S ^ ^ O ^  * U0 ^) c o n s i d e r i n g  t h e  t e m p e r a t u r e
5+d e p e n d e n t  p a ra m a g n e t i s m  o f  UO^ and t h e  d i a m a g n e t i c  c o r r e c t i o n  f o r  U 
and 0^ t h e  r e s u l t i n g  v a l u e  i s  n „  = 1 .3 2  a t  295°C. As a  r e s u l t  t h e
G XX
fo r m u la  p r o p o s e d  f o r  U-0 „ i s  U^0 _ * U0 _.J o  2 j  J
The m a g n e t i c  moments o f  LiUO^ and NaUO^, c a l c u l a t e d  f rom  
s u s c e p t i b i l i t y  d a t a  o v e r  t h e  t e m p e r a t u r e  r a n g e  77 - 480°K, a r e  1 .8 1  BM 
and 1 . 6 6  BM r e s p e c t i v e l y .  The compounds obey t h e  C u r i e - W e i s s  Law 
o v e r  t h i s  t e m p e r a t u r e  r a n g e .  (94)
23
The m a g n e t i c  s u s c e p t i b i l i t y  o f  a number o f  t e r n a r y  
u ran ium (V )  o x i d e s  have  b e en  measured . ( 9 3 )  The f o l l o w i n g  v a l u e s  
w e re  I n c l u d e d :
1 .  F o r  compounds o f  t h e  t y p e  f o r m u l a  MUO^ (M = L i f Na, K, Rb) t h e
v a l u e s  o f  >A „  a r e  b e tw een  1 .0 6  and 1 .2 3  BM a t  293°K, 293°K, 296°K “e f f  * *
and 303°K.
2.  For  compounds o f  t h e  t y p e  MU„0 (M = Mg and Cd) t h e  v a l u e s  o f
Z  6
U , ,  a r e  1 .5 0  BM and 1 .4 3  BM a t  293°K.^ e f f
3 .  F o r  compounds o f  t h e  ty p e  MUO^ (M = La ,  Y, Sc ,  B i )  t h e  v a l u e s  
o f  tAe f f  a r e  1 .4 2  BM, 1 .5 6  BM, 1 . 4 3  BM and 1 .5 1  BM a t  293°K ( e x c e p t  
f o r  BiUO^ m easured  a t  2 9 7 °K ) .
4 .  F o r  t h e  compound Sr_InUCL t h e  v a l u e  of  u  , ,  i s  0 . 9 3  BM. The
2  b e i  i
m a g n e t i c  d a t a  o f  t h e s e  u ran lum (V )  o x i d e s  a r e  c o n s i d e r e d  t o  be
c o n s i s t a n t  w i t h  a g round  s t a t e  c o n f i g u r a t i o n  f^  p e r t u r b e d  by
s p i n - o r b i t  c o u p l i n g  and o c t a h e d r a l  l i g a n d  f i e l d s .  M easu rem en ts  o v e r
a r a g n e  o f  t e m p e r a t u r e s  show t h a t  t h e  compounds do n o t  f o l l c w  t h e
C u r i e - W e i s s  Law.
A d d i t i o n a l  s t u d i e s  on compounds o f  t h e  t y p e  MU„CL have
Z  b
been  made. Brochu  and Lucas  (29)  r e p o r t  t h a t  CaU-O,, BaU„0, and
Z  o  Z  0
SrU^Og a r e  p a r a m a g n e t i c  o v e r  t h e  r a n g e  85°  t o  300°K. The r e s u l t s  
o b t a i n e d  do n o t  e x a c t l y  f o l l o w  th e  C u r i e - W e i s s  Law. A c o r r e c t i o n  
was made f o r  t h e  p r e s e n c e  o f  a t e m p e r a t u r e  i n d e p e n d e n t  p a r a m a g n e t i s m  
and t h e  r e s u l t s  t h e n  f o l l o w e d  t h e  law .  The m a g n e t i c  moments c a l c u l a t e d
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a r e  a s  f o l l o w s ;  Cal^O^,  p>e ££ = 1 -7 9  + 0 . 0 2  BM, S r l ^ O ^ ,  ^e f f  = ^*82 +
0 . 0 2  BM and BaU „0 , ,  u  = 1 .6 8  + 0 . 0 2  BM.^ o r e f i  —
L e ro y  and T r i d o t  (90)  g i v e  a v a l u e  o f  M>e ££ -  1*76 + 0 . 0 2  BM
f o r  CaU„0_,. They a l s o  c o n f i r m  t h e  p r e s e n c e  o f  UO_+ i n  CaUO„ and 
2  7 2  J . bo
CaUO„ on t h e  b a s i s  o f  t h e  m a g n e t i c  moments ,  ll = 1 . 3 3  + 0 . 0 2  BM 3 . 5  ' e f f  —
and p, = 1 .8 3  + 0 . 0 2  BM, r e s p e c t i v e l y ,  
e f  f  *
The mixed o x id e  Ba_UFeO, i s  found t o  be f e r r o m a g n e t i c  and
2  o
t h e  p r e s e n c e  o f  U(V) i n  t h e  compound i s  c o n f i r m e d  by t h e  m a g n e t i c  
d a t a .  (33 )
The m a g n e t i c  moments f o r  a s e r i e s  o f  o x y f l u o r i d e s  have
been  r e p o r t e d  by K emmler-Sack .  ( 4 6 , 9 5 )  The v a l u e s  a r e  g i v e n  f o r
m e asu re m e n t s  a t  296°K. F o r  compounds o f  t h e  t y p e  A'AU^O^
(A* = Na, K, Rb, T l ,  A = S r ,  Pb,  Ba) t h e  v a l u e s  o f  M>e f £ a r e  i n  t h e
r a n g e  1 .1 1  t o  1 .2 6  BM. Compounds o f  t h e  ty p e  M^ ^P bU ^O ^ 67^
(M = K, Rb, T l )  g i v e  Ue f £ = v a l u e s  f rom  1 ,3 5  t o  1 .4 1  BM. A d d i t i o n a l
v a l u e s  r e p o r t e d  a r e  -  1 .3 2  BM f o r  NaUO^F.'  P^2^2^7 atl^
H „  -  1 .2 1  f o r  NaU0_F • 3Pb„U_0^. e r f  J  2 2 7
A few r e s u l t s  o f  m a g n e t i c  s u s c e p t i b i l i t y  s t u d i e s  a r e  
a v a i l a b l e  f o r  h a l i d e  compounds o f  U(V ) . The v a l u e  o f  f ° r
UCl^ was found to  ran g e  from 1 .0 5  BM a t  77°K t o  1 .4 2  BM a t  
398°K. (9 4 )  A v a l u e  o f  Pe ££ ° f  2 . 2 5  BM o v e r  t h e  t e m p e r a t u r e  r a n g e  
200 to  390°K was o b s e r v e d  f o r  NH.UF,. ( 6 9 )  The m a g n e t i c  moment
H O
o f  NaUF i s  2 .2 9  BM i n  t h e  t e m p e r a t u r e  r a n g e  77°K t o  453°K. ( 8 0 ) .
6
The m a g n e t i c  b e h a v i o r  o f  a s e r i e s  o f  h e x a c h l o r o u r a n a t e s ( V )  
(8 1 )  r e v e a l s  C u r i e - W e i s s  d e p en d e n c e  from 310°K t o  t e m p e r a t u r e s  v a r y i n g
25
f rom  140°  t o  205°K. At t h e  low er  t e m p e r a t u r e s  t h e r e  a r e  marked
d e v i a t i o n s  from C u r i e - W e i s s  b e h a v i o r .  The m a g n e t i c  moments a t  h i g h e r
t e m p e r a t u r e s  a r e  1 . 6 2 ,  1 . 7 1 ,  2 .0 9  and  2 . 1 4  BM f o r  t h e  t e t r a m e t h y l -
ammonium, c e s iu m ,  dimethylammonium and t e t r a p h e n y l a r s o n i u m  s a l t s
r e s p e c t i v e l y .  The a u t h o r s  s t a t e  t h a t  due t o  t h e  l a r g e  v a l u e s  o f
t h e  W eis s  c o n s t a n t s ,  - 1 8 9 ° ,  - 1 6 1 ° ,  - 3 8 8 °  and  - 2 8 0 ° ,  t h e  v a l u e s  o f
t h e  moments have l i t t l e  s i g n i f i c a n c e .
The m a g n e t i c  moments f o r  UO^Cl and UO^Br a p p r o a c h  th e
v a l u e  o f  1 .7 3  BM, t h e  s p i n - o n l y  v a l u e  f o r  a s i n g l e  e l e c t r o n .  (44 )
The v a l u e s  r e p o r t e d  a r e  u, „  -  1 .8 6  ±  0 . 0 2  BM f o r  U0„C1 and* e f f  2
Ue ££ = I * 76 ± 0 . 0 2  BM f o r  UO^Br. The s u g g e s t i o n  i s  p r e s e n t e d  t h a t  
i n  t h e s e  compounds t h e  s i n g l e  e l e c t r o n  i n  a m o l e c u l a r  o r b i t a l  o f  t h e
-I1-
UO^ g ro u p  i s  u n d e r  t h e  i n f l u e n c e  o f  an i m p o r t a n t  a x i a l  f i e l d  from 
t h e  u r a n iu m -o x y g e n  bond and t h a t  t h i s  q u e n c h e s  t h e  o r b i t a l  moment.
UO F g i v e s  a  c u r i o u s l y  low v a l u e  o f  p, „  = 1 .4 8  BM a t  296°K. (45)
A 6 i l
The s u l f i d e  compound, KUS^, shows C u r i e - W e i s s  b e h a v i o r
be tw een  90°  and 300°K and  u £ f  = 2 . 2 3  i  0 . 0 2  BM. (52)
R u d o r f f  and Manzer (94 )  r e p o r t  t h a t  f o r  t h e  a d d i t i o n
compound UCl^ * S O C ^  t h e  v a l u e s  o f  ue j f  r a n g e  f ro m  1 . 0 5  BM a t  77°K.
t o  1 . 2 9  BM a t  293°K. The d a t a  a p p e a r  t o  f a v o r  t h e  6  d* c o n f i g u r a t i o n
o v e r  t h e  5 c o n f i g u r a t i o n .  A v a l u e  o f  u  = 2 . 1 3  BM f o r  UC1- ■ Ph,FOe f f  5 3
i s  c o n s i d e r e d  o f  l i t t l e  s i g n i f i c a n c e  due t o  t h e  l a r g e  v a l u e  o f  t h e  
W eis s  c o n s t a n t ,  - 2 7 0 ° .  ( 8 8 ) The m a g n e t i c  moment o f  UCl^ * TCAC i s
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1 . 5 4  BM a t  3 0 0 ° K . ( 8 2 )
3.  E l e c t r o n  S p i n  R e s o n a n c e  S t u d i e s
O n ly  a few s t u d i e s  o f  e l e c t r o n  s p i n  r e s o n a n c e  h a v e  b e e n
r e p o r t e d  f o r  U(V) compounds .  The ESR s p e c t r a  o f  pow dered  s a m p l e s  o f
L i U F , ,  NaUF, and  CsUF, have  b e e n  o b s e r v e d  a t  77°K a t  3 cm w a v e l e n g t h ,b b b
( 9 6 )  T h e se  compounds g i v e  a s i g n a l  i n  a m a g n e t i c  f i e l d  o f  9000 g a u s s .
The £  v a l u e s  a r e  - 0 . 7 6 8 ,  - 0 . 7 4 8 ,  and  - 0 . 7 0 9 ,  r e s p e c t i v e l y .  The
u n s y m m e t r i c a l  s i g n a l s  a r e  e x p e c t e d  i n  pow dered  s a m p l e s  i n  w h i c h  t h e
£  t e n s o r  i s  n o t  i s o t r o p i c .  U nder  t h e  same c o n d i t i o n s ,  c o m p l e x e s ,
MUF^ (M = K, Rb, NH^, T l ,  Ag) d i d  n o t  g i v e  a s i g n a l ,  e x c e p t  f o r  a
weak s i g n a l  w h ic h  was  c o n s i d e r e d  due t o  i m p u r i t y *  The a b s e n c e  o f
a n  ESR s i g n a l  f o r  t h e s e  compounds i s  t h o u g h t  t o  be  due t o  l a r g e
d i s t o r t i o n s  o f  t h e  o c t a h e d r a .  The r e s u l t s  I n d i c a t e  t h e  e x l s t a n c e  o f
IT g  i o n s  w h i c h  a r e  a x i a l l y  d i s t o r t e d  o c t a h e d r a .  T h i s  s t u d y  was
c o n t i n u e d  (9 7 )  t o  o b t a i n  ESR s p e c t r a  o f  s i n g l e  c r y s t a l s  o f  LiUFg,
NaUFg and  CsUF^. The p a r a m a g n e t i c  r e s o n a n c e  a b s o r p t i o n  o f  t h e  s i n g l e
c r y s t a l s  was i n v e s t i g a t e d  a s  a  f u n c t i o n  o f  o r i e n t a t i o n  o f  t h e  e x t e r n a l
m a g n e t i c  f i e l d .  The a u t h o r s  r e p o r t e d  t h a t  t h e  UF^ i o n s  a r e  a x i a l l y
d i s t o r t e d  i n  t h e s e  compounds and t h a t  i n  LiUF,  and  CsUF, t h eb b
d e f o r m a t i o n  a x i s  i s  t h e  t r i g o n a l  a x i s  w h e r e a s  i n  c u b i c  NaUF, i t  i so
t h e  1 1 1  a x i s .
The ESR s p e c t r a  have  b e en  o b t a i n e d  f o r  UCl^ * TCAC,
UC15 • S0C12 , UC15  ■ PC15 , RbUClg and  ( C ^ ^ N U C l g .  T h e se  compounds
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gave  a v e r y  b ro a d  s i g n a l  and t h e  a v e r a g e  £  v a l u e s  were  1 . 1  w i t h  t h e  
s i g n  u n d e t e r m i n e d .  (98)  A c a l c u l a t e d  £  v a l u e  f o r  UCl^ * SOCl^ i s  
- 1 . 1 8  and  f o r  t *ie v a l u e  i s  - 1 . 1 6 .  (5 )  The a g re e m e n t
b e tw ee n  t h e  c a l c u l a t e d  v a l u e  and t h e  e x p e r i m e n t a l  v a l u e  f o r  UCl^ * S O C ^  
i s  q u i t e  good .
A d e t e r m i n a t i o n  o f  th e  v a l u e  o f  £  f o r  U(V) i o n s  i n  a m a t r i x
o f  ThO^ showed £  = 1 . 2 5  w i t h  t h e  s i g n  u n d e t e r m i n e d .  (9 9 )  The v a l u e
o f  ^  i s  e x p e c t e d  t o  be n e g a t i v e  s i n c e  n e g a t i v e  v a l u e s  have  b e e n
o b t a i n e d  f o r  P a ( I V )  and Np(VI) w h ic h  a r e  i s o e l e c t r o n i c  w i t h  U(V ) .
The v a l u e  o f  £  f o r  P a ( I V )  i s  - 1 . 1 4  (100)  and t h e  v a l u e  o f  £  f o r
Np(VI) i s  - 0 . 6 1 .  (101)
ESR s p e c t r a  have  been  o b s e r v e d  i n  UF^ powder ,  i n  s i n g l e
c r y s t a l s  o f  compounds o f  t h e  t y p e  MUF, and  i n  s i n g l e  c r y s t a l s  o fo
NaSbF^ doped w i t h  U(V) . The £  v a l u e s  a r e  i n  t h e  v i c i n i t y  o f  - 0 . 7  
and some o f  t h e  s i g n a l s  shew s p l i t t i n g .  ( 1 0 2 )
4 .  S p e c t r a  S t u d i e s
a .  V i b r a t i o n a l  s p e c t r a
The i n f r a r e d  s p e c t r u m  o f  NOUF, h a s  a s h a r p  a b s o r p t i o n  bando
a t  2333 cm ^ and a b r o a d  i n t e n s e  band s p l i t  i n t o  two a b s o r p t i o n
maxima a t  551 cm  ̂ and 509 cm (7 5 )  The maxima a t  551 cm ^ and
509 cm  ̂ were  a t t r i b u t e d  t o  t h e  v-. v i b r a t i o n  o f  t h e  UF, i o n .  TheseJ  o
a b s o r p t i o n  maxima a r e  s h i f t e d  t o  lo w e r  wave numbers  by 73 and  114 cm \  
r e s p e c t i v e l y ,  from t h e  band a t  623 cm  ̂ a c c o r d i n g  t o  t h e  a s s i g n m e n t
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o f  B u r k e , e £  _al.  ( 1 0 3 )  The NO band fo und  a t  1876 cm 1 i n  n e u t r a l
NO i s  s h i f t e d  t o  2333 cm 1 i n  NOUF^.
I n  a s t u d y  o f  t h e  d e t a i l e d  o p t i c a l  a b s o r p t i o n  s p e c t r u m  o f
CsUF, R e i s f e l d  and C r o s b y  (1 0 4 )  made t h e  f o l l o w i n g  a s s i g n m e n t s  f o r  b
t h e  i n f r a r e d  f r e q u e n c i e s  f r o m  v i b r o n i c  s p l i t t i n g s :  A, . x = 506 cm 1
I g i v j )
T , . = 503 c m ' 1 , T ,  ,  . = 150 cm"1 , T_ ,  . = 145 cm"* andl u ( v 3) ' Lu(v^) * 2g(\>5)
/  . = 1 0 0  cm 1 .
2 u ( v 6 )
N _ H , (U F , ) „  and  N_H,UF_ show a s t r o n g  i n f r a r e d  a b s o r p t i o n  
2 b b 2 2 b 7
band  i n  t h e  m e t a l - f l u o r i n e  s t r e t c h i n g  r e g i o n  a t  526 cm 1 . (7 6 )  T h i s
s i n g l e  p e a k  s u g g e s t s  a n  o c t a h e d r a l  s t r u c t u r e  f o r  UF^ and i s  a t t r i b u t e d
t o  t h e  f r e q u e n c y  o f  UFg* I t  i s  n o t e d  t h a t  t h i s  a s s i g n m e n t  d i f f e r s
f ro m  t h a t  o f  G e ichm an  e_t al_. ( 7 5 )  The d i f f e r e n c e  i s  c o n s i d e r e d  t o  be
due t o  d i f f e r e n c e s  i n  c a t i o n  o r  i n  s t r u c t u r e .  The Raman s p e c t r a  o f
N H,UF_, (NH-OH)UF, and  CuUF, a l l  show a band  a t  628 cm 1 and  i t  i s  
2 b 7 j  b b
a s s i g n e d  t o  t h e  p r i n c i p a l  s y m m e t r i c  v i b r a t i o n  (A^g) o f  UFg- I t  
s h o u l d  be  n o t e d  t h a t  t h e  a s s i g n m e n t  o f  t h e  A ^  v i b r a t i o n  was t o  a 
band  a t  628 cm 1 f r o m  Raman s p e c t r a  b u t  t o  t h e  506 cm 1 band  f rom  
v i b r o n i c  s p e c t r a l  s t u d i e s .
The I n f r a r e d  s p e c t r u m  o f  UO^Br shows b a n d s  a t  9 4 0 ,  890 and 
850 cm 1 . ( 4 3 )  The b a n d s  o b s e r v e d  f o r  U (O Et)^  a r e  2 9 90 ,  2 8 80 ,  2720 ,  
1455 ,  1375 ,  1350 ,  1130 ,  1 1 00 ,  1052 ,  1025 ,  908 and  875 cm- 1 . A l l  t h e  
a b s o r p t i o n  b a n d s  e x c e p t  t h o s e  a t  908 and  875 cm 1 c a n  be a s s i g n e d  t o  
v i b r a t i o n s  a r i s i n g  f ro m  t h e  e t h o x y  r a d i c a l .  ( 5 )  T h e se  u n a s s i g n e d
b a n d s  a t  908 and  875 cm 1 a r e  i n  t h e  same r e g i o n  a s  t h o s e  o b s e r v e d  
i n  UO^Br a t  9 4 0 ,  890  and  850 cm 1 and  may be  U-0  v i b r a t i o n s ;  h o w e v e r ,  
a s s i g n m e n t s  h a v e  n o t  b e en  made.
The v a l u e s  o b t a i n e d  f o r  t h e  u r a n i u m - c h l o r i n e  v i b r a t i o n a l  
f r e q u e n c i e s  f o r  a number o f  compounds a r e  a s  f o l l o w s :  CsUClg , 303 cm 1
(Me4 N ) 3 UCl8 , 310 c m ' 1 ; Me4 NUCl6 , 310 c m ' 1 ; (Me2 NH2 )U Cl6 , 308 c m '1 ; (81 )  
UC15  * Ph^PO, 285 cm"1 ; UC15  * ( C g H ^ - j P O ,  304 c m ' 1 ; ( 8 8 ) UC15  • TCAC, 
320 cm- 1 ; and P r ^ N U C l ^  315 cm- 1 . (9 8 )
The f a r  i n f r a r e d  r e g i o n  h a s  b e e n  s t u d i e d  f o r  CsUF^, Et^NUCl^ 
and  Et^NUBr^ .  The a b s o r p t i o n  b a n d s  a r e  compared  w i t h  v a l u e s  d e d u c e d  
f o r  v i b r o n i c  l e v e l s  f rom  t h e  o b s e r v e d  e l e c t r o n i c  s p e c t r u m .  ( 5 0 )
T h e s e  d a t a  and  a d d i t i o n a l  d a t a  f o r  s e v e r a l  o f  t h e  compounds d i s c u s s e d  
a b o v e  a r e  t a b u l a t e d  i n  t h e  r e v i e w  o f  u ra n lu m (V )  c h e m i s t r y .  ( 1 8 )
The i n f r a r e d  s p e c t r a  o f  t h e  a d d i t i o n  compounds  o f  t h e  
c h l o r i d e s  w i l l  be d i s c u s s e d  i n  more d e t a i l  i n  c o n n e c t i o n  w i t h  t h e  
i n t e r p r e t a t i o n  o f  t h e  I n f r a r e d  s p e c t r a  o b t a i n e d  i n  t h e  p r e s e n t  w o rk .
b .  E l e c t r o n i c  s p e c t r a
A n a l y s e s  o f  t h e  v i s i b l e  and n e a r  i n f r a r e d  s p e c t r a  and  
a s s i g n m e n t s  o f  e l e c t r o n i c  t r a n s i t i o n s  have  b e en  r e p o r t e d  f o r  o n l y  
a  few compounds o f  u r a n i u m ( V ) . T hese  r e p o r t s  w i l l  be m e n t io n e d  
b r i e f l y  h e r e  and  d i s c u s s e d  i n  d e t a i l  l a t e r  a l o n g  w i t h  p a p e r s  
p r e s e n t i n g  c a l c u l a t i o n s  f o r  t h e  e n e r g y  l e v e l s  f o r  a  5 f  e l e c t r o n  i n  a  
c u b i c  l i g a n d  f i e l d .  R e i s f e l d  and C ro s b y  h a v e  s t u d i e d  t h e  s p e c t r a  o f
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NH^UFg, KUF^, RbUFg (1 05 )  and have  done a d e t a i l e d  s t u d y  o f  CsUF^.
(1 0 4 )  E n e rg y  l e v e l s  have  b e en  a s s i g n e d  f rom  th e  d a t a  o b t a i n e d  from
t h e  s p e c t r a  o f  UC1,. • S O C ^  and [UCOC^H^)^ 2 '  Rya° h a s  s t u d i e d
t h e  s p e c t r a  o f  s e v e r a l  UX^ s a l t s ,  X = F ,  C l ,  B r .  ( 5 0 )  E l e c t r o n i c
and v i b r o n i c  band a s s i g n m e n t s  have  been  made f o r  s e v e r a l  UC1, s a l t s
6
and f o r  UC15  • TCAC, [ U C l ^ ,  and UC15  • S0C12 . (9 8 )  Energy  l e v e l  
a s s i g n m e n t s  have  been  made f o r  t h e  f o l l o w i n g  t e r n a r y  o x i d e s  o f  U ( V ) : 
K*J03 , RbU03 , K S r U ^ F ,  R b S r U ^ F ,  K B a U ^ F  and R b B a U ^ F .  (1 0 6 )
The p a p e r s  d i s c u s s e d  below d e s c r i b e  t h e  e l e c t r o n i c  s p e c t r a
4*o f  some a d d i t i o n a l  U(V) compounds.  The s p e c t r u m  o f  U02  h a s  been
o b s e r v e d  i n  m o l t e n  c h l o r i d e  s a l t  s o l u t i o n s  o v e r  t h e  r e g i o n  500 t o
2000 mil. The p r e s e n c e  o f  t h e  U(V) s p e c i e s  was c o n f i r m e d  by c o m p a r i s o n
I 2+w i t h  t h e  s p e c t r u m  o f  a n o t h e r  5 f  s p e c i e s ,  Np02  , o b t a i n e d  i n  DCIO^.
(1 0 7 )  The s p e c t r a  show s t r o n g  r e s e m b la n c e  t o  e ach  o t h e r  and  t h e  
2+p e a k s  i n  t h e  NpO^ s p e c t r u m  a r e  found a t  a h i g h e r  e n e r g y  t h a n  th e
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c o r r e s p o n d i n g  p e a k s  o f  U02  by  an  a l m o s t  c o n s t a n t  f a c t o r .  The UO^ 
s p e c t r u m  was a l s o  compared  w i t h  a mul l  s p e c t r u m  o f  U0 C1 3  o b t a i n e d  
a t  25°C. The p e ak s  were  found t o  c o r r e s p o n d ;  how ever ,  two m a jo r  
p e a k s  a t  1070 and 1270 mg, i n  t h e  s p e c t r u m  o f  U0C13  were  a b s e n t  i n  th e  
m o l t e n  s a l t  s p e c t r u m .  (4 8 )  A d d i t i o n a l  s t u d y  o f  t h e  U02  s p e c i e s  in  
m o l t e n  s a l t  s o l u t i o n  shows t h a t  t h e  UO* s p e c t r u m  i s  s t r o n g l y  i n f l u e n c e d  
by s o l v e n t  and t e m p e r a t u r e  v a r i a t i o n s ,  p a r t i c u l a r l y  f o r  t h e  s h o r t e r  
wave l e n g t h  r e g i o n s .  (4 9 )  The s h i f t  o f  t h e  a b s o r p t i o n  maxima i n
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t h e  6 2 5 -6 8 5  mp, and  8 0 0 -8 2 5  mp, r e g i o n s  to w a rd  s h o r t e r  wave  l e n g t h s  
i s  a s su m ed  t o  be  due  t o  a n  i n c r e a s e  i n  t h e  l i g a n d  f i e l d  s t r e n g t h  
a r o u n d  t h e  u r a n i u m .
The e l e c t r o n i c  s p e c t r u m  o f  UO* i n  DMSO ( 1 0 8 )  o v e r  t h e  r a n g e  
500 t o  1600 mp, shows t h r e e  maxima w h ic h  c o r r e s p o n d  t o  t h o s e  o b s e r v e d  
i n  t h e  m o l t e n  s a l t  s o l u t i o n s .  The main  p e ak  i s  o b s e r v e d  a t  6620 cm  ̂
w i t h  s m a l l  p e a k s  a t  1 2 , 9 4 0  and 1 5 , 0 8 0  cm I n  t h e  m o l t e n  s a l t  
s o l u t i o n s  t h e  p e a k s  w e re  fo u n d  a t  6 520 ,  1 2 ,5 0 0  and 1 5 ,0 8 0  cm Two
w e a k e r  p e a k s  o b s e r v e d  i n  t h e  m o l t e n  s a l t  s o l u t i o n s  a t  6210 and 
6000  cm ^ w e re  n o t  o b s e r v e d  i n  t h e  DMSO s o l u t i o n ,  p r e s u m a b l y  due t o  
t h e  w id e  d i f f e r e n c e  i n  t e m p e r a t u r e .
3+A s t u d y  o f  a U (V )-U(V I)  c o m p le x ,  i n  p e r c h l o r a t e
s o l u t i o n  r e p o r t s  a band  a t  7370^ t h a t  was  o b s e r v e d  t o  d i s a p p e a r  a s  
t h e  U(V) d i s p r o p o r t i o n a t e d .  (1 0 9 )  T h i s  band was n o t  o b s e r v e d  i n  
t h e  s t u d i e s  d i s c u s s e d  a b o v e .  I t  i s  more t h a n  l i k e l y  t h a t  Newton 
and  B aker  d i d  n o t  a c t u a l l y  have  U(V) i n  s o l u t i o n .
The s e r i e s  o f  c o m p le x e s  h a v i n g  MF:UF^ r a t i o s  
(M = NH^, L i ,  Na, K, Rb, Cs) o f  1 : 1 ,  2 : 1  ( e x c e p t  L i  and  Na) and 
3 :1  ( e x c e p t  L i )  a l l  show i n t e n s e  a b s o r p t i o n  l i n e s  i n  t h e  1.3p,
( 7 , 7 0 0  cm *) t o  1 .5 ( i  ( 6 , 6 4 0  cm *") r e g i o n .  ( 7 2 , 7 3 )  I t  was found 
t h a t  KDFg, NH^UF^ and  RbUF^ g i v e  a  s i n g l e  s h a r p  band  a t  1 . 4 2 p  
( 7 . 0 4 2  cm ^) . X - r a y  e v i d e n c e  h a s  shewn t h a t  t h e s e  t h r e e  compounds 
a r e  i s o s t r u c t u r a l  and  o f  v e r y  n e a r l y  t h e  same s i z e .  The band  i s  s p l i t
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i n t o  t h r e e  c o m p o n en t s  f o r  L iUFg , NaUFg and  CsUFg . The X - r a y  pow der
d i f f r a c t i o n  p a t t e r n s  r e f l e c t  t h e  d i f f e r e n c e s  f r o m  t h e  t h r e e  compounds .
The r e p o r t  o f  e l e c t r o n i c  s p e c t r a l  p r o p e r t i e s  o f  HUF, * 2 .5 H - 0o 2
d e s c r i b e s  a  p r o m i n e n t  a b s o r p t i o n  a t  1.36p, ( 7 , 3 5 3  cm w h e r e a s  t h a t  
o f  HUF, * 1 .2 5 H „ 0  h a s  t h e  m a in  p e a k  i n  t h i s  r e g i o n  s h i f t e d  2sXO 2
(1 4  cm *") t o w a r d  l o n g e r  wave l e n g t h s .  The c o m p a r i s o n  o f  t h e  s p e c t r a
o f  t h e s e  compounds  w i t h  t h o s e  o f  t h e  a n h y d r o u s  s a l t s  L i U F , .  NaUF,o o
and CsUFg shews t h a t  n e a r l y  i d e n t i c a l  s p e c t r a  a r e  o b t a i n e d .  The 
s i m i l a r  s p e c t r u m  o b t a i n e d  f o r  t h e  U(V) s p e c i e s  i n  a q u e o u s  HF i s  
i n d i c a t i o n  o f  t h e  e x i s t e n c e  o f  t h e  UFg s p e c i e s  i n  t h e  a q u e o u s  s o l u t i o n .  
( 7 0 )  The e x i s t e n c e  o f  t h e  UFg s p e c i e s  i s  s u p p o r t e d  by t h e  work  
s h o w in g  t h e  e x i s t e n c e  o f  p e n t a v a l e n t  n i o b i u m  i n  f l u o r i d e  s o l u t i o n s  
a s  NbF". ( 1 1 0 ,  111)
The s o l u t i o n  s p e c t r a  h a v e  b e en  r e p o r t e d  f o r  t h e  f o l l o w i n g  
com pounds :  UC15  * S0C12# tfc^NUClg, (Me4 N ) 3 UClg , UC15  • P h 3 F 0 ,
UC15  * (Cg Hl 7 ) 3PO and  CsUClg . ( 8 1 , 8 8 )
C . R e s e a r c h  G o a l s
The  g o a l  o f  t h e  p r e s e n t  r e s e a r c h  p r o g r a m  h a s  b e e n  t o
p r e p a r e ,  c h a r a c t e r i z e  and c a r r y  o u t  s p e c t r a l  s t u d i e s  o f  new
c o o r d i n a t i o n  compounds  o f  u r a n i u m ( V ) . As h a s  b e en  n o t e d  o n l y  a
few e x a m p l e s  o f  h a l i d e  a d d i t i o n  compounds  have  b e e n  p r e p a r e d  and 
-  2 -
o n l y  F , Cl  and  0  and o xygen  and n i t r o g e n  d o n o r  l i g a n d s  h a v e
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complexed t o  u ran ium (V )  h e r e t o f o r e .
I t  ha s  been  found i n  t h i s  s t u d y  t h a t  t h e  r e a c t i o n
UC15  • TCAC + xL -  UC15  • xL + TCAC (26)
c a n  be c a r r i e d  o u t  i n  b e n ze n e  s o l u t i o n  w i t h  a v a r i e t y  o f  l i g a n d s  
t o  p r o d u c e  compounds ,  UCl^ * xL.  Compounds o f  t h i s  ty p e  w h ic h  have  
b e e n  p r e p a r e d  a r e  UCl^ * Ph^P,  UC1,. • d i p h o s ,  UCl^ • 2CgH^N0 and 
UC15  ■ 4CgH? N0.
A d i f f e r e n t  t y p e  o f  r e a c t i o n  o c c u r s  when t h e  l i g a n d  
t r o p o l o n e  r e a c t s  w i t h  a s o l u t i o n  o f  UCl^ * TCAC. T r o p o l o n e ,
C^H^O^H, i s  a p o t e n t i a l  b i d e n t a t e  l i g a n d  w h ich  may l o s e  a p r o t o n  and
c o o r d i n a t e  a s  a m onoan ion .  I n  t h e  p r e s e n t  c a s e  TCAC and one c h l o r i n e  
a r e  r e p l a c e d  and t h e  r e s u l t i n g  compound i s  UCl^T • 4HT.
R e a c t i o n s  o f  o t h e r  l i g a n d s  w i t h  UCl^ * TCAC have  p ro d u c e d  
t h e  f i r s t  i o n i c  compounds.  The i o n i c  compounds w h ic h  have been 
p r e p a r e d  a r e  [ U C l ^ d i p y ] C l , [U2 C l 9 ( P h 3As)]C1 and [U2 C l g ( P h 3 B i> ]C 1 .
I n  a d d i t i o n  t o  t h e  compounds l i s t e d  above  o t h e r  u n s t a b l e  
and  im pure  compounds were  i s o l a t e d  c o n t a i n i n g  e t h y l e n e b i s d i p h e n y l -  
a r s i n e ,  t r i p h e n y l s t i b i n e ,  d i p h e n y l s u l f o x i d e , o - p h e n a n t h r o l i n e ,  
e t h y l  d i p h e n y l p h o s p h i n i t e  and d i e t h y l p h e n y l p h o s p h o n i t e .
The new compounds have  b e e n  c h a r a c t e r i z e d  by e l e m e n t a l  
a n a l y s e s ,  c o n d u c t a n c e  m e asu rem en ts  and m a g n e t i c  s u s c e p t i b i l i t y  
m e asu re m e n t s  w h e n ev e r  a s u f f i c i e n t  q u a n t i t y  o f  t h e  compound was 
o b t a i n e d  t o  a l l o w  t h i s  l a t t e r  m easurement  t o  be  made by t h e  Gouy m e thod .
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The compounds a r e  a l l  e x t r e m e l y  s e n s i t i v e  t o  m o i s t u r e  and  
o xygen  and p r e p a r a t i o n s  o f  t h e  compounds and  s u b s e q u e n t  s t u d i e B  
w ere  c a r r i e d  o u t  u n d e r  a n  a r g o n  a t m o s p h e r e  and i n  a n h y d r o u s , o x y g e n -  
f r e e  s o l v e n t s .  The compounds c o n t a i n i n g  n i t r o g e n  d o n o r  l i g a n d s  
a r e  e s p e c i a l l y  u n s t a b l e  to w a r d  oxygen  and m o i s t u r e  and  a r e  decomposed  
w i t h i n  s e c o n d s  on c o n t a c t  w i t h  a i r .  The compounds c o n t a i n i n g  
p h o s p h o r o u s  and  a r s e n i c  d o n o r  l i g a n d s  a r e  somewhat more s t a b l e  b u t  
decom pose  w i t h i n  m i n u t e s  on  c o n t a c t  w i t h  oxygen  o r  m o i s t u r e .  The 
t r o p o l o n e  c o m p le x ,  UCl^T * 4HT i s  s u r p r i s i n g l y  s t a b l e  and i t  r e q u i r e s  
s e v e r a l  d a y s  f o r  i t  t o  decompose  i n  d r y  a i r .  However ,  t h e  compound 
i s  I m m e d i a t e l y  decomposed  by  w a t e r  and o r g a n i c  s o l v e n t s .  C u r i o u s l y ,  
i t  d o e s  n o t  g i v e  a s t a b l e  s o l u t i o n  i n  a n h y d r o u s  n i t r o m e t h a n e  a s  h a s  
b e en  n o t e d  f o r  some o f  t h e  o t h e r  com pounds .  I t  may be t h a t  t h e  s o l i d  
i s  s t a b i l i z e d  by t h e  p r e s e n c e  o f  t h e  e x c e s s  t r o p o l o n e ,  b u t  t h a t  when 
d i s s o l u t i o n  o c c u r s  t h i s  s t a b i l i z i n g  f a c t o r  i s  rem oved .
The e l e c t r o n  s p i n  r e s o n a n c e  s p e c t r u m  h a s  b e e n  o b t a i n e d  f o r  
e a c h  o f  t h e  compounds e x c e p t  [U^Cl^CPh^As)"]C1, f o r  w h ic h  a powdered  
s a m p le  o f  t h e  compound d i d  n o t  p r o d u c e  a  s i g n a l .  The d i f f e r e n t  t y p e  
s p e c t r a  o b t a i n e d  f o r  t h e  v a r i o u s  compounds w i l l  be  c o r r e l a t e d  w i t h  t h e  
s u g g e s t e d  s t r u c t u r e  o f  t h e  com pounds .
As h a s  b e e n  n o t e d ,  t h e  v i s i b l e  and  n e a r  i n f r a r e d  s p e c t r a  
h a v e  b e e n  a n a l y z e d  f o r  o n l y  a few u ra n iu m (V )  com pounds .  A p r i m a r y  
i n t e r e s t  i n  t h e  p r e p a r a t i o n  o f  new c o o r d i n a t i o n  compounds o f  u ra n iu m (V )
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h a s  b e e n  Co o b t a i n  v i s i b l e  and  n e a r  i n f r a r e d  s p e c t r a  o f  t h e s e  compounds 
and  t o  s t u d y  t h e  e f f e c t  o f  d i f f e r e n t  l i g a n d s  and s t r u c t u r e  on t h e  
s p e c t r a .  The v i s i b l e  and  n e a r  i n f r a r e d  s p e c t r a  have  b e e n  o b t a i n e d  
f o r  a l l  compounds i n  N u j o l  m u l l s  a t  77°K o v e r  t h e  r e g i o n  4 , 0 0 0  t o  
2 5 , 0 0 0  c m '^ ,  S o l u t i o n  s p e c t r a  have  b e e n  o b t a i n e d  f o r  t h e  compounds 
w h ic h  a r e  s u f f i c i e n t l y  s o l u b l e  and w h ic h  form  s t a b l e  s o l u t i o n s .  The 
s p e c t r a  a r e  i n t e r p r e t e d  f o r  t h e  v a r i o u s  compounds w i t h  d i f f e r e n t  l i g a n d  
f i e l d s  and d i f f e r e n t  s y m m e t r i e s .
The i n f r a r e d  s p e c t r a  h a v e  b e e n  o b t a i n e d  f o r  a l l  compounds 
i n  N u j o l  m u l l s  f rom  4000  t o  300 cm ^ and  f o r  some o f  t h e  compounds 
f ro m  4000 t o  200 cm The p r e s e n c e  o f  t h e  l i g a n d  i n  the compound 
i s  c o n f i r m e d  and  some i n f o r m a t i o n  on t h e  n a t u r e  o f  b o n d in g  i s  o b t a i n e d  
f r o m  t h e  s p e c t r a .  T e n t a t i v e  a s s i g n m e n t s  o f  U-P and U-N b d nds  have  been  
made and  more f i r m  a s s i g n m e n t s  have  b e e n  made f o r  t h e  U-Cl and  U-0 
b a n d s .
The new coiqpounds p r e p a r e d  h e r e  I n c l u d e  t h e  f i r s t  
u r a n iu m (V )  compounds c o n t a i n i n g  U-P ,  U-As and U-Bi b o n d s  and  t h e  f i r s t  
w e l l  c h a r a c t e r i z e d  compound c o n t a i n i n g  a  U-N b o nd .  F u r t h e r m o r e ,  some 
new t y p e s  o f  compounds  a r e  r e p r e s e n t e d  by t h o s e  compounds i n  w h ic h  a 
l i g a n d  m o l e c u l e  h a s  r e p l a c e d  a  c h l o r i n e  a to m  f r o m  t h e  UCl^ u n i t .
CHAPTER I I
EXPERIMENTAL PROCEDURES
A. M a t e r i a l s ,  A p p a r a t u s  and  M ethods  o f  A n a l y s i s
The  compounds o f  u r a n i u m ( v )  w h ic h  h a v e  b e e n  p r e p a r e d  a r e  
q u i c k l y  decom posed  by o xygen  and m o i s t u r e  e x c e p t  f o r  UC14 T*4hT w h ic h  
i s  s t a b l e  i n  d r y  a i r  f o r  a few d a y s .  The p r e p a r a t i o n  and s t u d i e s  o f  
t h e  compounds  w e re  done  i n  a  g l o v e  bag  f i l l e d  w i t h  a r g o n  o r  i n  c l o s e d  
g l a s s  v e s s e l s  f i l l e d  w i t h  a r g o n .  The p r e p a r a t i o n  and s t u d i e s  o f  
UCl5 *Ph3 P and [UCl4 d i p y ] C l  w e re  c a r r i e d  o u t  i n  a s t e e l  d r y  box  u n d e r  
an  a t m o s p h e r e  o f  d r y ,  o x y g e n - f r e e  n i t r o g e n .
A l l  s o l i d  c h e m i c a l s  u s e d  w e re  vacuum d r i e d  b e f o r e  u s e .
The  s o l v e n t s  u s e d  w e re  d r i e d ,  d i s t i l l e d  u n d e r  n i t r o g e n  o r  d r i e d ,  
d i s t i l l e d  and t h e  d i s s o l v e d  oxygen  removed by  b u b b l i n g  a r g o n  t h r o u g h  
t h e  s o l v e n t  f o r  s e v e r a l  m i n u t e s .
The a n a l y s e s  f o r  u r a n i u m  w ere  d one  by  r e d u c t i o n  o f  t h e  
u r a n i u m ( v )  t o  u r a n i u m ( i v )  u s i n g  a J o n e s  R e d u c t o r  f o l l o w e d  by 
t i t r a t i o n  t o  u r a n i u m ( V l )  w i t h  s t a n d a r d  p o t a s s i u m  d i c h r o m a t e  s o l u t i o n .
The  c h l o r i d e  a n a l y s e s  w e re  done  by V o l h a r d  t i t r a t i o n ,  by
g r a v i m e t r i c  d e t e r m i n a t i o n  a s  s i l v e r  c h l o r i d e  o r  w e re  d o n e  by  a
c o m m e rc i a l  l a b o r a t o r y .  The m e thod  o f  a n a l y s i s  c h o s e n  was d e t e r m i n e d  
by t h e  n a t u r e  o f  t h e  compound. A n a l y s e s  f o r  c a r b o n ,  h y d r o g e n  and
n i t r o g e n  w e re  done  by  Mr. R a l p h  S e a b ,  a s t a f f  member o f  t h e  LSU
C h e m i s t r y  D e p a r t m e n t .  A n a l y s e s  o f  P end  As w e r e  o b t a i n e d  f ro m  a 
c o m m e r c i a l  l a b o r a t o r y .
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B. P r e p a r a t i o n  and C h a r a c t e r i z a t i o n  o f  Compounds 
X. UCl5 *TCAC [ P e n t a c h l o r o ( t r i c h l o r o a c r y l y l c h l o r i d e ) u r a n i u m ( v ) }
The p r o c e d u r e  f o r  p r e p a r a t i o n  o f  UC15 *TCAC i s  a  m o d i f i c a ­
t i o n  o f  t h e  p r o c e d u r e  u s e d  by  O r t e g o . ( 8 2 )  T e c h n i c a l  g r a d e  h e x a -  
c h l o r o p r o p e n e  o b t a i n e d  from Columbia  O r g a n i c s  was d i s t i l l e d  and  th e  
f r a c t i o n  d i s t i l l i n g  b e tw ee n  2 0 8 - 2 l0 ° C  was c o l l e c t e d  f o r  u s e .  The 
U3 O0  t o  be u s e d  i n  t h e  r e a c t i o n  was i g n i t e d  t o  r e d  h e a t  j u s t  b e f o r e  
u s e .  The 17 grams o f  U3 0a  was added  t o  160 ml o f  h e x a c h l o r o p r o p e n e  
and t h e  m i x t u r e  h e a t e d  w i t h  s t i r r i n g .  The t e m p e r a t u r e  was s l o w l y  
i n c r e a s e d  t o  95 °C and k e p t  b e tw e e n  95-lOO°C. I n  some p r e p a r a t i o n s  
t h e  r e a c t i o n  o c c u r r e d  a t  t h i s  t e m p e r a t u r e  a f t e r  a b o u t  1  h o u r .  I n  
o t h e r  p r e p a r a t i o n s  th e  t e m p e r a t u r e  was m a i n t a i n e d  b e tw ee n  95~XOO°C 
f o r  two h o u r s  and no r e a c t i o n  o c c u r r e d .  When t h e  t e m p e r a t u r e  was 
t h e n  i n c r e a s e d  t o  a b o u t  105°C ,  t h e  r e a c t i o n  o c c u r r e d  and  c o n t i n u e d  
f o r  a b o u t  30 m i n u t e s .  The r e a c t i o n  i s  s l i g h t l y  e x o t h e r m i c  b u t  h e a t  
i s  n e c e s s a r y  t o  m a i n t a i n  t h e  t e m p e r a t u r e  needed  f o r  t h e  r e a c t i o n .
The r e a c t i o n  i s  c h a r a c t e r i z e d  by  t h e  e v o l u t i o n  o f  g a s e s  (m o s t  l i k e l y  
C l 3  and C102 ) and t h e  a p p e a r a n c e  o f  a d e e p  r e d  c o l o r  w h ich  i s  
c h a r a c t e r i s t i c  o f  UC15 *TCAC i n  s o l u t i o n .  A f t e r  t h e  r e a c t i o n  s u b s i d e s  
t h e  r e d  s o l u t i o n  i s  t r a n s f e r r e d  t o  a  d r y ,  a r g o n - f i l l e d  f l a s k  and 
a r g o n  i s  b u b b le d  t h r o u g h  t h e  s o l u t i o n .  A lmost  i n x n e d i a t e l y  r e d -  
o r a n g e  c r y s t a l s  b e g i n  t o  fo r m .  Argon gas  i s  b u b b le d  t h r o u g h  t h e  
s o l u t i o n  f o r  s e v e r a l  m i n u t e s  and  i t  i s  t h e n  l e f t  s t a n d i n g  i n  an  
i c e  b a t h  f o r  a b o u t  two h o u r s .  The r e d - o r a n g e  c r y s t a l s  a r e  f i l t e r e d  
u n d e r  a r g o n  and  washed w i t h  a n h y d ro u s  CCI4 . A f t e r  d r y i n g  u n d e r  
vacuum, t h e  compound i s  s t o r e d  i n  a g l a s s  c o n t a i n e r  u n d e r  a r g o n .
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The compound may be  k e p t  f o r  s e v e r a l  m o n th s  i n  t h i s  way.  The  com­
pound h a s  a s h a r p  c h a r a c t e r i s t i c  o d o r*  and d e co m p o se s  i n  s e c o n d s  on 
c o n t a c t  w i t h  a i r  p r o d u c i n g  a d a r k  g r e e n  s u b s t a n c e .
As i s  i n d i c a t e d  i n  t h e  f o r e g o i n g  p r o c e d u r e  t h e  c o u r s e  o f  
t h e  r e a c t i o n  i s  v a r i a b l e .  I t  i s  a  s lo w  r e a c t i o n  b u t  t h e  c o u r s e  o f  
t h e  r e a c t i o n  m u s t  be  c o n s t a n t l y  o b s e r v e d  b e c a u s e  some h e a t  i s  
l i b e r a t e d  and  p e r i o d i c a l l y  t h i s  may r e s u l t  i n  a s h a r p  i n c r e a s e  i n  
t e m p e r a t u r e  above  1 1 0°C .  When t h e  t e m p e r a t u r e  i s  a l l o w e d  t o  go 
ab o v e  110°C a m i x t u r e  o f  p r o d u c t s  i s  u s u a l l y  o b t a i n e d .  The com­
m e r c i a l  s o u r c e  o f  t h e  h e x a c h l o r o p r e n e  a l s o  seems t o  b e  an i m p o r ­
t a n t  f a c t o r  and  t h e  b e s t  r e s u l t s  w e re  o b t a i n e d  u s i n g  h e x a c h l o r o -  
p r o p e n e  o b t a i n e d  f ro m  Co lum bia  O r g a n l c s .
2 .  P r e p a r a t i o n  o f  N i t r o g e n  Donor  Com plexes  
[ u C l4 d i p y ] C l  T e t r a c h l o r o - 2 , 2  , - d i p y r i d y l u r a n i u m ( V j c h l o r i d e
A b e n z e n e  s o l u t i o n  o f  UClg'TCAC was p r e p a r e d  by d i s s o l v i n g  
2 . 3  m i l l i m o l e s  i n  a b o u t  50 ml o f  b e n z e n e .  The s o l u t i o n  h a s  t h e  
c h a r a c t e r i s t i c  d e e p  r e d  c o l o r  o f  UClg'TCAC. A d a r k  g r e e n  r e s i d u e  
a lw a y s  r e m a i n s  when t h i s  s o l u t i o n  i s  p r e p a r e d .  T h i s  i m p u r i t y  i s  
t h o u g h t  t o  b e  UC14  w h ich  u n a v o i d a b l y  i s  fo rm ed  d u r i n g  t h e  p r e p a r a ­
t i o n  o f  t h e  U C lg ’TCAC. The p r o c e d u r e  f o r  t h e  p r e p a r a t i o n  o f  U C lg ’TCAC 
i n v o l v e s  s t o p p i n g  a r e a c t i o n ,  w h ic h  w ou ld  u l t i m a t e l y  y i e l d  UC14 , a t  
an  i n t e r m e d i a t e  s t a g e .  The r e s i d u e  i s  removed f ro m  t h e  s o l u t i o n  by 
f i l t r a t i o n .  A s o l u t i o n  o f  8 . 3  m i l l i m o l e s  o f  2 , 2  ' - d i p y r i d y l  was 
d i s s o l v e d  i n  a b o u t  20 m l .  o f  b e n z e n e .  A bou t  h a l f  o f  t h i s  s o l u t i o n  
was  added  t o  t h e  s o l u t i o n  o f  U C lg ’TCAC and an i n m e d l a t e  r e a c t i o n  
o c c u r r e d  p r o d u c i n g  a p r e c i p i t a t e .  The r e d  c o l o r  i n  t h e  s o l u t i o n
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p e r s i s t e d  and so  a d d i t i o n a l  2 , 2  , - d i p y r i d y l  was  a d d e d .  The p r e c i p i t a t e  
o n  t h e  w a l l s  o f  t h e  f l a s k  a p p e a r e d  y e l l o w  b u t  t h e  b u l k  o f  t h e  p r e c i p ­
i t a t e  i n  s o l u t i o n  a p p e a r e d  t o  h a v e  a r e d  t i n t .  A f t e r  s t i r r i n g  f o r  
s e v e r a l  m i n u t e s  t h e  s u p e r n a t a n t  b e n z e n e  was d e c a n t e d  o f f  and  f r e s h  
b e n z e n e  was a d d e d .  The p r e c i p i t a t e  was s t i r r e d  f o r  s e v e r a l  m i n u t e s  
and  a s  t h e  p a r t i c l e  s i z e  became s m a l l e r  t h e  r e d  c o l o r  d i s a p p e a r e d .
The  p r e c i p i t a t e  was  f i l t e r e d  and  w ashed  w i t h  s e v e r a l  s m a l l  p o r t i o n s  
o f  CqHs  and  t h e n  d r i e d  o v e r n i g h t  u n d e r  vacuum .  T h i s  compound i s  
e x t r e m e l y  u n s t a b l e  t o  a i r  and m o i s t u r e *  S e v e r a l  a t t e m p t s  w e r e  made 
t o  p r e p a r e  t h e  compound b u t  a f t e r  o b t a i n i n g  t h e  p r o d u c t  i t  was l o s t  
d u r i n g  f i l t r a t i o n  o r  d r y i n g .  The  s u c c e s s f u l  p r e p a r a t i o n  was a c h i e v e d  
by  d o i n g  a l l  o f  t h e  w ork  i n  a s t e e l  d r y  b o x .  The y e l l o w  compound i s  
s t a b l e  u n d e r  d r y  n i  : o g e n  o r  a r g o n .
The  m e l t i n g  p o i n t  was o b t a i n e d  i n  a s e a l e d  t u b e .  At 205°C 
t h e  compound t u r n e d  brown and a t  2 l 5 ° C  w h i t e  c r y s t a l s  a p p e a r e d  on 
t h e  s u r f a c e  o f  t h e  d a r k  s o l i d .  A t 270°C t h e  d a r k  s o l i d  m e l t e d .  The 
d i f f e r e n t i a l  t h e r m a l  a n a l y s i s  c u r v e  showed s m a l l  e n d o t h e r m i c  p e a k s  
a t  228°C and 2 8 9°C .  The p e a k  a t  228°C p r o b a b l y  c o r r e s p o n d s  t o  t h e  
l o s s  o f  t h e  w h i t e  c r y s t a l l i n e  m a t e r i a l  w h ic h  was o b s e r v e d  on  t a k i n g  
t h e  m e l t i n g  p o i n t .  I t  i s  a ssum ed  t h i s  w h i t e  c r y s t a l l i n e  m a t e r i a l  
i s  t h e  2,2* - d i p y r i d y l  s e p a r a t i n g  f rom  t h e  compound.
The  e q u i v a l e n t  c o n d u c t a n c e  o f  a l . k  x  1 0 "4  M s o l u t i o n  o f  
t h i s  compound i n  n i t r o m e t h a n e  was 1 1 2 .  F o r  a  I . I 9 6  x  1 0 - 3  M s o l u t i o n  
o f  ( C ^ U N I  i n  n i t r o m e t h e n e  t h e  e q u i v a l e n t  c o n d u c t a n c e  i s  r e p o r t e d  
a s  1 0 U . ( U 2 )  The v a l u e  o b t a i n e d  f o r  t h e  e q u i v a l e n t  c o n d u c t a n c e  
i n d i c a t e d  t h a t  t h e  co m p lex  w i t h  2 , 2 ^ - d i p y r i d y l  i s  a  1 : 1  i o n i c
Uo
compound.  I t  i s  assumed t h a t  t h e  d i p y r i d y l  h a s  r e p l a c e d  one  c h l o r i n e  
i n  t h e  UC15  g roup  and t h a t  t h i s  c h l o r i n e  i s  i o n i c .  The s i x - c o o r d i n a t e  
compound would  t h e r e f o r e  be e x p e c t e d  t o  h ave  t h e  f o r n u l a  [UCl4 d i p y 3C l .
A n a l y s i s .  O b s e rv e d :  U b O .1 3 ,  Cl  26.93> C 2 2 . ^ 2 ,
H I . 9 8 , N b . 9 8
C a l c u l a t e d  f o r  UC15 *C1 0 HeN2 : U U l . 6 5 , Cl  3 1 . 0 2 ,
C 2 1 . 0 2 ,  H 1.1*1, N U.82
UC1 5 +C1 2 HqN2  (F o rm u la  f o r  compound n o t  e s t a b l i s h e d ) .
Two a t t e m p t s  were  made t o  p r e p a r e  a  complex  by t h e  r e a c t i o n  
o f  o - p h e n a n t h r o l i n e  w i t h  UC15 *TCAC. I n  b o t h  c a s e s  t h e  im m ed ia te  
r e a c t i o n  p r o d u c t  was a  y e l l o w - t a n  p r e c i p i t a t e .  I n  b o t h  c a s e s  t h e  
p r o d u c t  decomposed b e f o r e  i t  c o u ld  be f i l t e r e d .  No f u r t h e r  work 
was done w i t h  t h i s  l i g a n d  a s  a n o t h e r  member o f  t h e  r e s e a r c h  g ro u p  
was a t t e m p t i n g  t o  p r e p a r e  a compound w i t h  o - p h e n a n t h r o l i n e .
3 .  P r e p a r a t i o n  o f  P h o s p h o ru s  Donor Complexes
UCI5 *Ph3 P [ P e n t a c h l o r o ( t r i p h e n y l p h o s p h i n e ) u r a n i u m ( v ) ]
A s o l u t i o n  o f  U . 5 8  m i l l i m o l e s  o f  Ph3P i n  25 m l .  o f  Ce He  was 
added  t o  a s o l u t i o n  c o n t a i n i n g  ** 2.U m i l l i m o l e s  o f  U C ls ’TCAC. An 
in t n e d i a t e  r e a c t i o n  was i n d i c a t e d  by t h e  l o s s  o f  th e  r e d  c o l o r  o f  
t h e  UC15 *TCAC s o l u t i o n  and t h e  f o r m a t i o n  o f  a f l u f f y ,  l i g h t  g r e e n  
p r e c i p i t a t e .  The s o l u t i o n  was s t i r r e d  f o r  a b o u t  10 m i n u t e s ,  t h e  p r e ­
c i p i t a t e  washed by d e c a n t a t i o n  w i t h  b e n z e n e  and  th e n  f i l t e r e d  and 
washed w i t h  s e v e r a l  s m a l l  p o r t i o n s  o f  b e n z e n e .  The  p r e c i p i t a t e  was 
d r i e d  u n d e r  vacuum and s t o r e d  u n d e r  d r y  n i t r o g e n  i n  t h e  d r y  b o x .
The compound i s  a medium g r e e n  c o l o r .  An a t t e m p t  t o  d e t e r m i n e  t h e
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m e l t i n g  p o i n t  showed t h a t  t h e  compound b e g i n s  t o  d a r k e n  a b o u t  1U0°C, 
l o o k s  w e t  a t  290°C  and becom es  v e r y  d a r k  a t  24 2 °C ,  b u t  d o e s  n o t  m e l t  
up t o  ^0 0 °C .  C o n d u c t a n c e  m e a s u r e m e n t s  made i n  n i t r o m e t h a n e  show t h a t  
t h i s  compound i s  n o t  i o n i c .  The compound i s  found  t o  b e  i n s o l u b l e  i n  
n o n - p o l a r  s o l v e n t s  and  decom posed  by many s o l v e n t s .  I t  i s  v e r y  s l i g h t l y  
s o l u b l e  i n  n i t r o m e t h a n e .
A n a l y s i s  o b s e r v e d :  U 3 6 . 2 2 ,  Cl 2 k . 0 7 ,  C 3 1 . 9 0 ,
H 3 . 0 3 ,  P 5 . 9 5 .
C a l c u l a t e d  f o r  UCl5 »Ph3 P:  U 3 5 . 1 5 ,  C l 2 6 . 1 6 ,
C 3 1 . 9 1 ,  H 2 . 2 3 ,  P U.57
UCI5 *(C6 H5 ) gPCHaCHa r(CeH 5 ) a  [ P e n t a c h l o r o { e t h y l e n e b i s f d i p h e n y p h o s p h i n e ) } - 
u r a n i u m ( V ) ]
A b e n z e n e  s o l u t i o n  o f  UCl5 *TCAC was p r e p a r e d  w h ic h  c o n t a i n e d  
a p p r o x i m a t e l y  2 m i l l i m o l e s  i n  35 m l .  ° f  b e n z e n e .  A b e n z e n e  s o l u t i o n  
o f  t h e  d i p h o s  l i g a n d  was p r e p a r e d  by d i s s o l v i n g  3 . 0 9  m i l l i m o l e s  o f  
i t  i n  a b o u t  23 m l .  o f  b e n z e n e .  I m m e d i a t e l y  upon  t h e  a d d i t i o n  o f  t h e  
d i p h o s  s o l u t i o n  t o  t h e  UC15 *TCAC s o l u t i o n  a g r e e n  p r e c i p i t a t e  b e g a n  
t o  fo rm  and by  t h e  t im e  a l l  t h e  d i p h o s  s o l u t i o n  had  b e e n  a d d e d ,  t h e  
r e d  s o l u t i o n  c o l o r  had  c o m p l e t e l y  d i s a p p e a r e d .  The s o l u t i o n  was 
s t i r r e d  f o r  a b o u t  1 5  m i n u t e s  and  t h e n  f i l t e r e d  u n d e r  vacuum .  The 
p r e c i p i t a t e  was  w ashed  w i t h  s e v e r a l  s m a l l  p o r t i o n s  o f  b e n z e n e  and  
t h e n  d r i e d  o v e r n i g h t  u n d e r  v acuum .  The  d r y  compound w h ic h  h a s  a  
v e r y  p a l e  g r e e n  c o l o r  was s t o r e d  u n d e r  a r g o n .
The compound i s  i n s o l u b l e  i n  n o n - p o l a r  s o l v e n t s  and  i s  
d ecom posed  by  a number o f  s o l v e n t s .  I t  i s  s l i g h t l y  s o l u b l e  i n  a n ­
h y d r o u s  n i t r o m e t h a n e .  The compound d a r k e n s  when h e a t e d  t o  200°C
b u t  d o c s  n o t  m e l t  up t o  30 0 °C .  D i f f e r e n t i a l  t h e r m a l  a n a l y s i s  showed 
no e n d o t h e r m i c  o r  e x o t h e r m i c  p e a k s  up  t o  500°C .  C o n d u c t a n c e  m e a s u r e  
m e n ts  i n  n i t r o m e t h a n e  show t h a t  t h e  compound i s  n o t  an  i o n i c  s p e c i e s
A n a l y s i s  o b s e r v e d :  U 2 8 . 6 8 ,  Cl 20 .U3 , C 3 8 . 1 8 ,
H 3 . 3 0 ,  P 6 . 7 7
C a l c u l a t e d  f o r  UC15 • (CeHgJsPCHgCHaPtCeHs)a : U 2 9 . 2 5 ,
Cl 2 1 . 7 9 .  C 3 8 . 3 7 ,  H 2 . 9 7 ,  P 7 . 6 1
UCl5 4 C6 H5 P ( 0 CEH5 ) g  ( F o r m u l a  f o r  compound n o t  e s t a b l i s h e d . )
A s o l u t i o n  o f  a p p r o x i m a t e l y  1 . 2  m i l l i m o l e s  o f  UC15 *TCAC 
i n  50 m l .  o f  b e n z e n e  was p r e p a r e d .  A bout  2 m l .  (1 0  m i l l i m o l e s )  o f  
d i e t h y l p h e n y l p h o s p h o n i t e  was m ixed  w i t h  20 m l . o f  b e n z e n e  and  t h i s  
s o l u t i o n  was t h e n  ad d ed  t o  t h e  s o l u t i o n  o f  UC15 ‘TCAC. An i m m e d ia t e  
r e a c t i o n  o c c u r r e d  a s  e v i d e n c e d  by  t h e  l o s s  o f  t h e  r e d  c o l o r  d u e  t o  
UC1S *TCAC and t h e  a p p e a r a n c e  o f  a  l i g h t  g r e e n  c o l o r  i n  t h e  s o l u t i o n .  
A f t e r  a few m i n u t e s  a  d a r k  g r e e n  o i l  h a d  s e p a r a t e d  f ro m  t h e  s o l u t i o n  
The  m i x t u r e  was s t i r r e d  o v e r n i g h t ;  h o w e v e r ,  no  c h a n g e  i n  t h e  g r e e n  
o i l  was o b s e r v e d .  The  b e n z e n e  was rem oved  by  vacuum e v a p o r a t i o n  
b u t  t h e  g r e e n  o i 1 r e m a i n e d  and no s o l i d  p r o d u c t  was  o b t a i n e d .  The 
g r e e n  c o l o r ,  w h ic h  h a s  a l s o  b e e n  o b s e r v e d  f o r  t h e  o t h e r  p h o s p h o r o u s  
d o n o r  com pounds ,  i n d i c a t e s  t h a t  a  co m p lex  h a s  b e e n  fo rm ed  by  t h i s  
r e a c t i o n ,  b u t  i t  c o u l d  n o t  be  i s o l a t e d  a s  a  s o l i d  and p u r i f i e d .
UCls+(CgHg) 2 POC2 H5  ( F o r m u l a  f o r  compound n o t  e s t a b l i s h e d ) .
A s o l u t i o n  c o n t a i n i n g  a p p r o x i m a t e l y  1 . 5  m i l l i m o l e s  o f  
UCl5 *TCAC was p r e p a r e d .  A b o u t  1  m l .  ( a p p r o x i m a t e l y  5 m i l l i m o l e s )  
o f  e t h y l d i p h e n y l p h o s p h i n i t e  was  ad d ed  d i r e c t l y  t o  t h e  s o l u t i o n  o f
UC1S *TCAC. T h i s  was a  s l i g h t  e x c e s s  o v e r  t h e  amount n e c e s s a r y  t o  
c a u s e  t h e  l o s s  o f  r e d  c o l o r  from UC15 *TCAC i n  t h e  s o l u t i o n .  As t h e  
( CgHs) gPOCsHs was added  t h e  s o l u t i o n  im m e d i a t e l y  t u r n e d  a  l i g h t  g r e e n  
and i n  a  few m i n u t e s  a d a r k e r  g r e e n  o i l  s e p a r a t e d  from t h e  s o l u t i o n .  
The m i x t u r e  was s t i r r e d  f o r  s e v e r a l  d a y s  b u t  no s o l i d  p r o d u c t  was 
o b t a i n e d .  The g r e e n  c o l o r  i n d i c a t e s  t h a t  a com plex  w i t h  u ra n iu m  h a s  
b e e n  fo rm ed .
U. P r e p a r a t i o n  o f  A r s e n i c  Donor Complexes
[Us C l 9 (P h 3 A s ) C l ]  T e t r a c h l o r o u r a n i u m (  V) - p , - d i c h l o r o - t r i c h l o r o -  
( t r i p h e n y l a r s i n e ) u r a n i u m ( v )  c h l o r i d e
Two p r e p a r a t i o n s  o f  t h i s  compound w e re  made u s i n g  b e n ze n e  
a s  t h e  s o l v e n t .  B ecau se  o f  poor  y i e l d s  a  t h i r d  p r e p a r a t i o n  was made 
u s i n g  t o l u e n e  a s  t h e  s o l v e n t .  A t o l u e n e  s o l u t i o n  o f  UCls*TCAC was 
p r e p a r e d  by  d i s s o l v i n g  ~  1 . 5  m i l l i m o l e s  i n  1*0 m l .  o f  t o l u e n e .  The 
d e e p  r e d  c o l o r  w h ich  i s  so c h a r a c t e r i s t i c  o f  U C lg ’TCAC s o l u t i o n s  i s  
t h e  same a s  n o t e d  f o r  b e n z e n e  s o l u t i o n s .  The s o l u t i o n  o f  PhaAs was 
p r e p a r e d  by  d i s s o l v i n g  U . 3 8  m mole  o f  t h e  compound i n  2 5  m l .  o f  
t o l u e n e .  Upon m i x i n g  t h e  s o l u t i o n s , t h e r e  was an  im m e d ia te  r e a c t i o n  
w h ich  p ro d u c e d  a  l i g h t  g r e e n  p r e c i p i t a t e .  The r e a c t i o n  m i x t u r e  was 
s t i r r e d  o v e r n i g h t ,  f i l t e r e d  and washed  w i t h  b e n z e n e ,  tfhen d r y  t h e  
p a l e  g r e e n  compound was s t o r e d  u n d e r  a r g o n .  The p r o d u c t  o b t a i n e d  
a p p e a r s  t o  be  t h e  same and g i v e s  t h e  same a n a l y s i s  w h e t h e r  t h e  
r e a c t i o n  m i x t u r e  i s  f i l t e r e d  a f t e r  a b o u t  3  h o u r s  o r  a f t e r  20  h o u r s .
On h e a t i n g ,  t h e  p a l e  g r e e n  c o l o r  o f  t h i s  compound changed 
t o  l i g h t  brown a t  a b o u t  1 3 0 ° C .  I t  a p p e a r e d  t h a t  some p o r t i o n  o f  t h e
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compound had  b e e n  v o l a t i l i z e d  a t  t h i s  t e m p e r a t u r e .  The c o l o r  became 
d a r k  brown a t  190°C and t h i s  d a r k  r e s i d u e  d i d  n o t  m e l t  up t o  30 0 °C.
The e q u i v a l e n t  c o n d u c t a n c e  o f  a 7*05 x  1 0 - 5  M s o l u t i o n  o f  
t h i s  compound was 8 6 . 3  mhos.  The e q u i v a l e n t  c o n d u c a t n c e  o f  a 1 , 1 9 6  
x  1 0 ' 3  M s o l u t i o n  o f  (C2 H5 )4 I  i n  n i t r o m e t h a n e  i s  1 0 4 . ( 1 1 2 )  The 
e q u i v a l e n t  c o n d u c t a n c e  v a l u e  i s  c o n s i d e r e d  e v i d e n c e  t h a t  [U2 C l 0 Fh3 A s 3 Cl 
e x i s t s  a s  a  1  t o  1  e l e c t r o l y t e .  The v e r y  l a r g e  s i z e  o f  t h e  c a t i o n  i n  
t h i s  compound would  p r o b a b l y  c a u s e  t h e  e q u i v a l e n t  c o n d u c t a n c e  t o  be 
somewhat lo w er  t h a n  i s  o b s e r v e d  f o r  (CgHsJ^NI.  The s t r u c t u r a l  f o r m u la  
s u g g e s t e d  f o r  t h i s  compound i s
Cl Cl
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The a n a l y s i s  f o r  c h l o r i n e  i n  t h i s  compound was low .  T h i s  
a n a l y s i s  was o b t a i n e d  f rom  a co m m e rc ia l  l a b o r a t o r y  and  a p p a r e n t l y  
t h e i r  method o f  a n a l y s i s  was n o t  s u i t a b l e  t o  t h i s  t y p e  o f  compound.
Low c h l o r i n e  a n a l y s e s  h a v e  b e e n  o b t a i n e d  by t h e  G a i l b r a i t h  L a b o r a t o r i e s  
f o r  o t h e r  compounds i n  t h i s  work  and by o t h e r  w o r k e r s  i n  t h i s  l a b o r a ­
t o r y  f o r  c h l o r i n e  i n  s i m i l a r  t y p e s  o f  c o o r d i n a t i o n  compounds.
A n a l y s i s .  O b s e rv e d :  U 4 2 . 4 1 ,  Cl  23*74 ,  C 2 0 . 6 0 ,
H 2 .0 7 *  As 7 . 9 7
C a l c u l a t e d  f o r  [Ua Cl9 (Ph 3 A s ) ] C 1 : U 4 1 . 8 8 ,  Cl 3 1 . 1 8 ,
C 1 9 . 0 2 ,  H 1 . 3 3 ,  As 6 . 5 9
UC15 *TCAC +  (CeHsJaAsCCHaJaAsfCeHsJa  ( E x a c t  f o r m u l a  o f  compound n o t  
e s t a b l i s h e d )
The r e a c t i o n  o f  a b e n z e n e  s o l u t i o n  c o n t a i n i n g  »  0 . 4 0  
m i l l i m o l e  o f  UC15 *TCAC i n  30 m l .  o f  b e n z e n e  w i t h  0 . 3 5  m i l l i m o l e  o f
45
e t h y l e n e b i s ( d i p h e n y l a r s i n e )  i m m e d i a t e l y  p r o d u c e d  a  l i g h t  g r e e n  p r e c i ­
p i t a t e .  The  r e a c t i o n  m i x t u r e  was  s t i r r e d  f o r  a n  h o u r ,  f i l t e r e d ,  washed 
w i t h  b e n z e n e  and  d r i e d  u n d e r  vacuum .  The p a l e  g r e e n  compound was 
s t o r e d  u n d e r  a r g o n .
A n a l y s i s  o f  t h e  compound showed t h a t  i t  c o n t a i n e d  19*95$
C and  2.28% H. The  c a l c u l a t e d  p e r c e n t a g e  o f  c a r b o n  f o r  t h e  f o r m u l a  
(UCl5 )aL  i s  2 5 . 6 4 .  The  o b s e r v e d  p e r c e n t a g e  o f  c a r b o n  i s  t o o  low f o r  
any  f o r m u l a  w h i c h  c a n  be  c o n s i d e r e d  a  r e a s o n a b l e  p o s s i b i l i t y .  B ec a u se  
o f  t h e  i n d i c a t i o n  o f  i n c o m p l e t e  r e a c t i o n  no f u r t h e r  a t t e m p t s  w e re  
made t o  p r e p a r e  t h e  compound.  The  e l e c t r o n i c  s p e c t r u m  i n d i c a t e d  
t h a t  t h e  p r o d u c t  was some s o r t  o f  a  u r a n i u m ( v )  s p e c i e s .
5 .  P r e p a r a t i o n  o f  a n  A n t im o n y  Donor  Complex
UC15 *TCAC +  Ph3 Sb ( E x a c t  f o r m u l a  o f  compound n o t  e s t a b l i s h e d )
A s o l u t i o n  c o n t a i n i n g  5>5 m i l l i m o l e s  o f  Ph3 Sb i n  50 m l .  
o f  b e n z e n e  was ad d ed  t o  a s o l u t i o n  c o n t a i n i n g  1  m i l l i m o l e  o f  
UC15 *TCAC i n  40  m l .  o f  b e n z e n e .  An i m m e d i a t e  r e a c t i o n  o c c u r r e d  and 
p r o d u c e d  a  f i n e l y  d i v i d e d ,  p a l e  g r e e n  p r e c i p i t a t e .  The  p r o d u c t  was 
f i l t e r e d ,  w a sh e d  w i t h  b e n z e n e ,  d r i e d  u n d e r  vacuum and s t o r e d  u n d e r  
a r g o n .  The  y i e l d  o f  t h i s  compound was v e r y  l o w .  A n a l y s i s  showed 
t h e  compound c o n t a i n e d  o n l y  6.91% c a r b o n  and 1 .66%  h y d r o g e n .  The 
am oun t  o f  c a r b o n  p r e s e n t  was  t o o  low t o  r e p r e s e n t  t h e  p e r c e n t a g e  o f  
c a r b o n  i n  any  r e a s o n a b l e  compound w h ic h  c o u l d  b e  f o r m u l a t e d .  The 
compound was s l i g h t l y  s o l u b l e  i n  n i t r o m e t h a n e .  B e c a u s e  o f  t h e  
low y i e l d  o f  p r o d u c t  and  i n d i c a t i o n  o f  I n c o m p l e t e  r e a c t i o n  no 
f u r t h e r  a t t e m p t s  w e r e  made t o  p r e p a r e  t h i s  compound.  However ,  t h e  
e l e c t r o n i c  s p e c t r u m  and t h e  ESR s p e c t r u m  i n d i c a t e d  t h e  p r o d u c t
o b t a i n e d  d i d  c o n t a i n  a  u r a n i u m ( v )  compound. I t  i s  t h o u g h t  t h a t  t h e  
i m p u r i t y  p r e s e n t  i n  t h i s  compound i s  ( U C l g J a .  T h i s  h i g h  m o l e c u l a r  
w e i g h t  i m p u r i t y  c o u l d  a c c o u n t  f o r  t h e  v e r y  low c a r b o n  a n a l y s i s .
6 .  P r e p a r a t i o n  o f  a B i sm u th  Donor  Complex
[U^Cl9 ( P h 3 B i ) C l ]  T e t r a c h l o r o u r a n i u m ( V ) - ^ - d i c h l o r o - t r i c h l o r o -  
( t r i p h e n y l b i s m u t h i n e ) u r a n i u m ( v )  c h l o r i d e
A s o l u t i o n  c o n t a i n i n g  1 . 5  m i l l i m o l e s  o f  UCls'TCAC i n  
25 m l .  o f  b e n z e n e  was p r e p a r e d .  A s u s p e n s i o n  o f  3 . 1 1  m i l l i m o l e s  
o f  t r i p h e n y l b i s m u t h l n e  i n  5 0  m l .  o f  b e n z e n e  was  ad d ed  t o  t h e  
UCl5 *TCAC s o l u t i o n .  T h e  s o l u t i o n  was s t i r r e d  a s  t h e  t r i p h e n y l ­
b i s m u t h l n e  was a d d e d  and  t h e  f o r m a t i o n  o f  a l i g h t  g r e e n  p r e c i p i ­
t a t e  o c c u r r e d  i n a n e d i a t e l y  on t h e  a d d i t i o n  o f  t h e  t r i p h e n y l b i s m u t h l n e  
The m i x t u r e  was s t i r r e d  a b o u t  JjO m i n u t e s  and  t h e n  t h e  s u p e r n a t a n t  
b e n z e n e  was d e c a n t e d  and  f r e s h  b e n z e n e  a d d e d  and  t h e  m i x t u r e  s t i r r e d  
s e v e r a l  m i n u t e s .  The p r o d u c t  was f i l t e r e d  and w ashed  w i t h  s e v e r a l  
s m a l l  p o r t i o n s  o f  b e n z e n e .  The  p a l e  g r e e n  compound was vacuum  d r i e d  
and s t o r e d  u n d e r  a r g o n .
An a t t e m p t  t o  d e t e r m i n e  t h e  m e l t i n g  p o i n t  r e s u l t e d  i n  
d e c o m p o s i t i o n  o f  t h e  compound .  The compound t u r n e d  d a r k  b row n a t  
190°C  and t h i s  d a r k  r e s i d u e  d i d  n o t  m e l t  up  t o  300°C .
The  e q u i v a l e n t  c o n d u c t a n c e  o f  a  4 . 4 1  x  1 0 ~ 5  M s o l u t i o n  
o f  t h i s  compound i n  n i t r o m e t h a n e  i s  I 3 6 . T h i s  i s  somewhat h i g h e r  
t h a n  t h e  v a l u e  r e p o r t e d  f o r  a  I . I 9 6  x  1 0 - 3  M s o l u t i o n  o f  ( C s H g ^ N I  
s o l u t i o n  i n  n i t r o m e t h a n e . ( 1 1 2 )  The v a l u e  f o r  t h e  e q u i v a l e n t  c o n d u c ­
t a n c e  o f  t h e  t r i p h e n y l b i s m u t h  com plex  may be  h i g h e r  b e c a u s e  t h e
1+7
s o l u t i o n  i s  more  d i l u t e .  The  compound I s  a ssum ed  t o  b e  a 1  t o  1  
e l e c t r o l y t e  and a n a l o g o u s  t o  [U ^ C la P h g A s^ C l .
The  c h l o r i n e  a n a l y s i s  o b t a i n e d  f o r  t h i s  compound i s  low 
and i t  was o b t a i n e d  f ro m  t h e  same l a b o r a t o r y  a s  t h e  c h l o r i n e  a n a l y s i s  
f o r  t h e  t r i p h e n y l a r s i n e  co m p lex  d i s c u s s e d  a b o v e .  The p r o b le m  may 
b e  due  t o  d i f f i c u l t y  i n  c o m p l e t e l y  d e c o m p o s in g  t h e  c o m p lex  w i t h o u t  
c a u s i n g  l o s s  o f  t h e  c h l o r i n e .  The  c o m m e r c i a l  l a b o r a t o r y  r e p o r t e d  
t h a t  i t  c o u l d  n o t  do  a  b i s m u t h  a n a l y s i s .
A n a l y s i s .  O b s e r v e d :  C 1 5 . 1 9 .  H 1.1+1, C l  17 *3^
C a l c u l a t e d  f o r  [ U ^ C l s P h a B i ] C 1 : C l 6 . 9 9 .  H 1 . 9 2 ,
C l  2 7 . 8 7
7* P r e p a r a t i o n  o f  a n  Oxygen Donor Complex
UCI4 T*UHT [ T e t r a c h l o r o ( t r o p l o n o ) t e t r a t r o p o l o n e u r a n i u m ( V ) ]
A s o l u t i o n  o f  1 0 . 9  m i l l i m o l e s  o f  t r o p o l o n e  i n  25 m l .  o f  
b e n z e n e  was a d d e d  t o  a  s o l u t i o n  c o n t a i n i n g  ~  2.5  m i l l i m o l e s  o f  
UCl5 *TCAC. An im m e d ia t e  r e a c t i o n  o c c u r r e d  p r o d u c i n g  a  f i n e l y  
d i v i d e d ,  b l a c k  p r e c i p i t a t e .  The  m i x t u r e  was s t i r r e d  o v e r n i g h t ,  t h e  
s u p e r n a t a n t  b e n z e n e  d e c a n t e d  and f r e s h  b e n z e n e  a d d e d .  A f t e r  t h i s  
m i x t u r e  had b e e n  s t i r r e d  a b o u t  5 0  m i n u t e s  t h e  compound was f i l t e r e d ,  
w ashed  w i t h  s e v e r a l  s m a l l  p o r t i o n s  o f  b e n z e n e  and vacuum d r i e d ,  The 
compound was s t o r e d  u n d e r  a r g o n .  T h i s  compound i s  t h e  o n l y  com plex  
p r e p a r e d  w h ic h  i s  s t a b l e  i n  a i r  f o r  more  t h a n  a few m i n u t e s .  T h i s  
compound c a n  b e  e x p o s e d  t o  a i r  f o r  s e v e r a l  d a y s  b e f o r e  any  c h a n g e  i n  
c o l c r  o c c u r s  i n  c o n t r a s t  t o  t h e  o t h e r  compounds w h ich  c h a n g e  c o l o r  
i n  s e c o n d s  o r  m i n u t e s .  The b l a c k  U C l^T -U m  c h a n g e s  t o  a  r a t h e r  b r i g h t  
o r a n g e  a f t e r  b e i n g  e x p o s e d  t o  d r y  a i r  f o r  a b o u t  5  w e e k s .
T h i s  compound i s  q u i c k l y  decom posed  by m o s t  s o l v e n t s .  I t  
a p p e a r s  t o  be  s l i g h t l y  s o l u b l e  i n  n i t r o m e t h a n e  b u t  d eco m p o ses  w i t h i n  
a  few m i n u t e s  i n  t h i s  s o l v e n t .
C o n d u c t a n c e  m e a s u r e m e n t s  o f  a  n i t r o m e t h a n e  s o l u t i o n  i n d i c a t e  
t h a t  t h i s  compound i s  n o t  i o n i c .
The  d i f f e r e n t i a l  t h e r m a l  a n a l y s i s  c u r v e  o f  t h i s  compound 
showed a  s h a r p  e n d o t h e r m i c  p e ak  a t  a b o u t  2 0 7°C .  The  m e l t i n g  p o i n t  
o b t a i n e d  i n  a  s e a l e d  t u b e  was 1 2 5 ° C .
A t h e r m o g r a v i m e t r i c  a n a l y s i s  o f  t h i s  compound g a v e  some 
i n t e r e s t i n g  r e s u l t s .  The t h e r m o g r a v i m e t r i c  a n a l y s i s  c u r v e  i s  shown 
i n  F i g u r e  1 .  The  e f f l u e n t  f rom  t h e  f u r n a c e  o f  t h e  TGA i n s t r u m e n t  
was p a s s e d  t h r o u g h  a  w e a k ly  b a s i c  s o l u t i o n  i n  a n  e f f o r t  t o  d e t e r m i n e  
w h e t h e r  t h e  t r o p o l o n e  o r  c h l o r i d e  i o n s  w ou ld  b e  l o s t  f i r s t  by  t h e  
compound d u r i n g  t h e  h e a t i n g  p r o c e s s .  The  w e i g h t  l o s s  w h ic h  had  
o c c u r r e d  a t  180°C  c o r r e s p o n d s  t o  35*9$  o f  t h e  i n i t i a l  w e i g h t .
The  w e i g h t  o f  3lfr w ou ld  r e p r e s e n t  37 o f  t h e  t o t a l  w e i g h t .  The 
s o l u t i o n  t h r o u g h  w h i c h  t h e  e f f l u e n t  was p a s s e d  was t e s t e d  f o r  t h e  
p r e s e n c e  o f  c h l o r i d e  i o n  by  a c i d i f y i n g  t h e  s o l u t i o n  and  a d d i n g  a 
s o l u t i o n  o f  s i l v e r  n i t r a t e .  The s o l u t i o n  o b t a i n e d  g a v e  no e v i d e n c e  
f o r  t h e  c h l o r i d e  i o n  u n t i l  t h e  t e m p e r a t u r e  r e a c h e d  1 8 0 °C .  Each  
p o r t i o n  t e s t e d  a f t e r  t h i s  t e m p e r a t u r e  g a v e  t h e  t e s t  f o r  t h e  
c h l o r i d e  i o n .  T h e  w e i g h t  l o s s  w h ich  o c c u r r e d  b e t w e e n  180°C and 
^ 5 0 °C i s  3 5 *3 $  o f  t h e  t o t a l  w e i g h t  and  a p p e a r s  t o  r e p r e s e n t  t h e  
l o s s  o f  H I ,T  and  *>Cl . The w e i g h t  o f  HT ,T and 3C1 w ould  be  
35*5$ o f  t h e  t o t a l  w e i g h t .  The w e i g h t  l o s s  b e t w e e n  U50°C and 
55 0 °  r e p r e s e n t s  a p p r o x i m a t e l y  t h e  l o s s  o f  1  C l  . The  e x i t  t u b e
b9
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from t h e  f u r n a c e  was found  t o  h a v e  some w h i t e  c r y s t a l s  on t h e  t o p  
s u r f a c e  a t  t h e  c o n c l u s i o n  o f  t h e  a n a l y s i s .  T h e s e  had  t h e  c h a r a c t e r ­
i s t i c  o d o r  o f  t r o p o l o n e  and m e l t e d  a t  5 l ° C .  The r e c o r d e d  m e l t i n g  
p o i n t  o f  t r o p o l o n e  i s  4 9 - 5 0 ° C .  The lo w er  s u r f a c e  o f  t h e  e x i t  tu b e  
showed t h e  p r e s e n c e  o f  some d a r k  m a t e r i a l  and i t  a p p e a r s  t h a t  some 
u r a n iu m  was l o s t  d u r i n g  t h e  h e a t i n g  a t  h i g h e r  t e m p e r a t u r e .  The 
r e s u l t s  o f  t h i s  s t u d y  i n d i c a t e  t h a t  t h e  compound f i r s t  l o s e s  ^tfT, 
t h e n  1 HT and T a l o n g  w i t h  3C1 and f i n a l l y  1  Cl  .
A n a l y s i s .  O b s e r v e d :  U 2 4 . 2 2 ,  C l  13**84, C 4 3 . 8 0 ,
H 3 .5 4
C a l c u l a t e d  f o r  UC14 T*4hT: U 2 4 . 0 6 ,  C l  1 4 . 3 3 ,
C 4 2 . 4 5 ,  H 2 .9 5
UCl5 +Ph 2 S0  ( E x a c t  f o r m u l a  o f  compound n o t  e s t a b l i s h e d )
A s o l u t i o n  c o n t a i n i n g  a p p r o x i m a t e l y  1 . 5  m i l l i m o l e s  o f  
UC15 *TCAC i n  50 m l .  o f  b e n z e n e  was p r e p a r e d .  A s o l u t i o n  c o n t a i n i n g
7 . 1  m i l l i m o l e s  o f  PhaSO i n  5 0  m l .  o f  b e n z e n e  was added  to  t h e  r e d  
s o l u t i o n  o f  UC1? *TCAC. The s o l u t i o n  i m n e d i a t e l y  t u r n e d  a  p a l e  y e l l o w .  
C l o s e r  e x a m i n a t i o n  r e v e a l e d  t h a t  a  r e d d i s h - b r o w n  o i l  was p r e s e n t  i n  
t h e  s o l u t i o n .  A f t e r  t h e  m i x t u r e  had b e e n  s t i r r e d  o v e r n i g h t  t h e  o i l  
was found  t o  h ave  s o l i d i f i e d  on  t h e  w a l l s  o f  t h e  f l a s k .  The  b e n ze n e  
was p o u re d  o f f  and t h e  s o l i d  s c r a p e d  from t h e  w a l l s  o f  t h e  f l a s k .
The brown s o l i d  was d r i e d  by  vacuum e v a p o r a t i o n .  The p r o d u c t  was 
a l i g h t  y e l l o w - b r o w n  when d r y .  A n a l y s i s  o f  t h e  compound showed i t  
c o n t a i n e d  40.14% C and 3*04$ H. I t  was n o t  p o s s i b l e  t o  a r r i v e  a t
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any  r e a s o n a b l e  f o r m u l a  t o  f i t  t h i s  a n a l y s i s .  No f u r t h e r  work  was 
d o n e  w i t h  t h i s  l i g a n d .
8 .  P r e p a r a t i o n  o f  N i t r o g e n - O x y g e n  Donor Com plexes  
UC15 *2C9 H7N0 P e n t a c h l o r o b i s ( 8 - h y d r o x y q u i n o l i n e ) u r a n i u m ( V )
A p p r o x i m a t e l y  1 , 7  m i l l i m o l e s  o f  UC15 *TCAC was d i s s o l v e d  
i n  6 0  m l .  o f  b e n z e n e  and  a p p r o x i m a t e l y  5 m i l l i m o l e s  o f  8 -  
h y d r o x y q u i n o l i n e  ad d ed  t o  t h e  s o l u t i o n .  An i m m e d ia t e  r e a c t i o n  
o c c u r r e d  and  p r o d u c e d  a  d a r k  b ro w n ,  f i n e l y  d i v i d e d  p r e c i p i t a t e .
The  r e a c t i o n  m i x t u r e  was s t i r r e d  o v e r n i g h t  and  t h e n  t h e  p r e c i p i t a t e
was f i l t e r e d ,  w ash ed  w i t h  CC14 and  d r i e d  u n d e r  vacuum .
T h i s  d a r k  brown compound i s  e x t r e m e l y  s e n s i t i v e  t o
m o i s t u r e  and o x y g e n .  B e c a u s e  t h i s  compound was q u i c k l y  decomposed
b y  s o l v e n t s  i t  was n o t  p o s s i b l e  t o  p r e p a r e  a  s o l u t i o n  o f  t h i s  
c o m p le x .
When h e a t e d  u n d e r  vacuum a  l i g h t  c o l o r e d  s o l i d  s u b l i m e d  
a t  a b o u t  120°C l e a v i n g  a  r e s i d u e  w h ic h  i s  s l i g h t l y  l i g h t e r  i n  c o l o r  
t h a n  t h e  o r i g i n a l  compound .  When an  a t t e m p t  was made t o  d e t e r m i n e  
t h e  m e l t i n g  p o i n t  t h e  compound a p p e a r e d  t o  decom pose  a t  a b o u t  200°C 
and  t h e  d a r k  r e s i d u e  d i d  n o t  m e l t  up  t o  JOO°C.
A n a l y s i s .  O b s e r v e d :  C 5 0 . 6 7 , H 2 . 6 1 ,  C l  2 2 . 9 ^
C a l c u l a t e d  f o r  UCI5 ^ C e l ^ N O :  C 5 0 . 6 8 ,  H 1 . 8 6 ,  C l 25*15
UC1S P e n t a c h l o r o t e t r a k i s ( 8 - h y d r o x y q u i n o l i n e ) u r a n l u m ( v )
A s o l u t i o n  c o n t a i n i n g  a p p r o x i m a t e l y  2 m i l l i m o l e s  o f
UClc^'TCAC i n  Uo m l .  o f  b e n z e n e  was  p r e p a r e d .  A b e n z e n e  s o l u t i o n  o f
8 . 1  m i l l i m o l e s  o f  8 - h y d r o x y q u i n o l i n e  was  a d d e d  t o  t h e  s o l u t i o n  o f
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UC15 *TCAC. An i r a n e d i a t e  r e a c t i o n  p ro d u c e d  a  f i n e l y  d i v i d e d ,  brown 
p r e c i p i t a t e .  The m i x t u r e  was s t i r r e d  o v e r n i g h t  i n  a n  a t t e m p t  t o  
i n c r e a s e  t h e  p a r t i c l e  s i z e  o f  t h e  p r e c i p i t a t e  p r i o r  bo f i l t r a t i o n .
The brown p r e c i p i t a t e  was f i l t e r e d ,  washed w i t h  b e n z e n e  and d r i e d  
u n d e r  vacuum. When d r y  t h i s  compound had  a t a n  c o l o r  compared t o  
t h e  d a r k  brown o f  UC15 *2C9 H7-N0.
When h e a t e d  i n  o r d e r  t o  d e t e r m i n e  t h e  m e l t i n g  p o i n t ,  t h i s  
compound t u r n e d  a d a r k  r e d d i s h - b r o w n  a t  250°C .  T h i s  d a r k  s u b s t a n c e  
d i d  n o t  m e l t  up t o  3 0 0 °C .
A m e asu re m e n t  o f  t h e  c o n d u c t i v i t y  o f  a  n i t r o m e t h a n e  s o l u ­
t i o n  o f  t h i s  compound i n d i c a t e d  t h a t  i t  i s  n o t  an  i o n i c  s p e c i e s .
T h i s  compound i s  e x t r e m e l y  u n s t a b l e  t o  m o i s t u r e  and 
o x y g e n .  I t  i s  decomposed  v e r y  q u i c k l y  by  m o s t  s o l v e n t s .  A n i t r o ­
m e thane  s o l u t i o n  p ro v e d  t o  be  s t a b l e  f o r  a s h o r t  t i m e .
A n a l y s i s .  O b s e r v e d :  U 2U .99 ,  Cl 1 7 . 1 5 ,  C U2.8C,
H 2 . 8 8 ,  N 5 . 6 9
C a l c u l a t e d  f o r  UC1S '^ C g ^ N O :  U 2 3 . 8 9 , Cl 1 7 . 7 9 ,
C ^ 3 . 5 9 ,  H 2 . 8 3 ,  N 5 . 6 6
C. E q u i v a l e n t  C o n d u c t a n c e s
The  e q u i v a l e n t  c o n d u c t a n c e  o f  s o l u t i o n s  o f  u r a n i u m  compounds 
w e re  c a l c u l a t e d  from t h e  m e as u re d  r e s i s t a n c e s  o f  10~3 t o  10~5 M 
s o l u t i o n s .  R e s i s t a n c e  m e a s u re m e n t s  w e re  made by u s e  o f  an  I n d u s t r i a l  
I n s t r u m e n t s  model  RC 16  c o n d u c t i v i t y  b r i d g e  o p e r a t i n g  a t  60 c . p . s ,
A c e l l  c o n s t a n t  f o r  t h e  c o n d u c t i v i t y  c e l l  was d e t e r m i n e d  by  u s i n g  a 
s t a n d a r d  p o t a s s i u m  c h l o r i d e  s o l u t i o n .
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D. M a g n e t i c  S u s c e p t i b i l i t y  M easu rem en ts
M a g n e t i c  s u s c e p t i b i l i t y  m e asu re m e n ts  o f  compounds w ere  
d e t e r m i n e d  by t h e  Guoy method  on  an  A i n s w o r t h  t y p e  BCT b a l a n c e  w i t h  
an  A lpha  S c i e n t i f i c  L a b . ,  I n c .  model A1 7500  e l e c t r o m a g n e t .  M e a s u r e ­
m e n t s  w ere  made a t  room t e m p e r a t u r e .  H y d ra te d  f e r r o u s  anmonium s u l f a t e  
and m e r c u r y  t e t r a t h i o c y a n a t o c o b a l t a t e ( l l )  w e re  u s ed  f o r  c a l i b r a t i o n  o f  
t h e  sam ple  tu b e *  A l l  v a l u e s  w e re  c o r r e c t e d  f o r  d i a m a g n e t i s m  o f  t h e  
l i g a n d s  and  m e t a l  i o n .
E.  E l e c t r o n  S p i n  R esonance  S p e c t r a
The e l e c t r o n  s p i n  r e s o n a n c e  s p e c t r a  o f  t h e  compounds were  
r e c o r d e d  on a  model J e s -3 B X ,  X band s p e c t r o m e t e r  made by J a p a n  
E l e c t r o n  O p t i c s  L a b o r a t o r y  C o . ,  L t d .  The s p e c t r a  w ere  o b t a i n e d  a t  
room t e m p e r a t u r e .  The compound was p l a c e d  i n  t h e  sam ple  t u b e  i n  an  
a r g o n  a t m o s p h e r e  and t h e  sam ple  t u b e  s e a l e d  a s  p r o t e c t i o n  f rom  oxygen  
and m o i s t u r e .
F .  V i b r a t i o n a l  S p e c t r a
I n f r a r e d  s p e c t r a  w e re  r e c o r d e d  i n  t h e  600-U000 cm- 1  r e g i o n  
on a  Beckman IR -7  o r  Beckman IR -10  s p e c t r o p h o t o m e t e r .  F o r  t h e  f a r  
i n f r a r e d  r e g i o n  (2 0 0 - 6 0 0  cm"1 ) a  Beckman IR -1 0  o r  Beckman IR-7  
f i t t e d  w i t h  C s l  o p t i c s  was u s e d .  N u j o l  m u l l s  p r e s s e d  b e tw ee n  NaCl 
p l a t e s  w e re  u s e d  i n  t h e  sod ium  c h l o r i d e  r e g i o n  and N u j o l  m u l l s  b e tw een  
C s l  p l a t e s  w e re  u s e d  i n  th e  f a r  i n f r a r e d  r e g i o n .  The m u l l s  were  
p l a c e d  b e tw ee n  t h e  p l a t e s  i n  t h e  g l o v e  bag and  t h e n  t h e  e d g e s  o f  t h e  
p l a t e s  w e re  c o v e r e d  w i t h  S c o t c h  t a p e  t o  t r y  t o  p r o t e c t  t h e  m u l l  from
CA
a i r  and m o i s t u r e .  The m u l l  was k e p t  u n d e r  a r g o n  u n t i l  i t  was p l a c e d  
i n  t h e  i n s t r u m e n t .
G. E l e c t r o n i c  S p e c t r a
The v i s i b l e  and n e a r - i n f r a r e d  s p e c t r a  w ere  r e c o r d e d  o v e r  
t h e  r e g i o n  UOOO t o  2 5 ,0 0 0  cm- 1  on  a C ary  li lR s p e c t r o p h o t o m e t e r .  The 
s p e c t r a  w ere  o b t a i n e d  u s i n g  N u j o l  m u l l s  on f i l t e r  p a p e r  a t  T7°K f o r  
a l l  com pounds .  The f i l t e r  p a p e r  w i t h  t h e  m u l l  was mounted  on  a  b r a s s  
p l a t e  i n  a n  a r g o n  a t m o s p h e r e  and  t h e n  q u i c k l y  immersed i n  a n  o p t i c a l  
dewar  c o n t a i n i n g  l i q u i d  n i t r o g e n .  Room t e m p e r a t u r e  s p e c t r a  o f  some 
o f  t h e  compounds w e re  o b t a i n e d  u s i n g  N u jo l  m u l l s  sm eared  on f i l t e r  
p a p e r .  A s am p le  o f  N u jo l  on f i l t e r  p a p e r  was u s e d  as  a  r e f e r e n c e  
i n  o b t a i n i n g  t h e  s p e c t r a  o f  m u l l s  a s  d e s c r i b e d  a b o v e .  S o l u t i o n  
s p e c t r a  f o r  some compounds was o b t a i n e d  u s i n g  1 , 5  o r  1 0  cm m a tched  
q u a r t z  c e l l s .
H. Mass S p e c t r a
The  mass  s p e c t r a  o f  UCl5 *Ph3 P, U ^ l g f P h s A s )  C l ,  UCl^T»Uirr 
and UCl^^CgH/NO w e re  o b t a i n e d  by  M rs .  C h e r y l  W h i t e ,  a  s t a f f  member 
o f  t h e  LSU C h e m i s t r y  D e p a r t m e n t .  The i n s t r u m e n t  u sed  i s  a  V a r i a n  
M-66  m a n u f a c t u r e d  by  V a r i a n  A s s o c i a t e s .
CHAPTER I I I
RESULTS AND DISCUSSION
A. M a g n e t i c  S u s c e p t i b i l i t y  D a ta
I n  t h e  Guoy method f o r  t h e  d e t e r m i n a t i o n  o f  m a g n e t i c  moment 
a c y l i n d r i c a l  powdered  sam ple  o f  c r o s s  s e c t i o n  A i s  su sp e n d e d  from a 
b a l a n c e  b e tw e e n  t h e  p o l e s  o f  a  m a g n e t .  The low er  end o f  t h e  t u b e  i s  
i n  a  s t r o n g  f i e l d , H, w h i l e  t h e  u p p e r  end i s  i n  a  n e g l i g i b l e  f i e l d ,
Ho. The f o r c e  a c t i n g  on t h e  sam ple  i s  g i v e n  by  t h e  f o l l o w i n g  
e q u a t i o n :
f  -  £A(Ha -Hoa ) ( K - K ' ) + s  ( 2 6 )
K i s  t h e  m a g n e t i c  s u s c e p t i b i l i t y  o f  t h e  sam ple  p e r  u n i t  vo lu m e ,  K# 
i s  t h e  m a g n e t i c  s u s c e p t i b i l i t y  o f  t h e  a t m o s p h e r e  p e r  u n i t  vo lume 
and S i s  t h e  f o r c e  due  t o  t h e  sam p le  t u b e .  The f o r c e  i s  m e asu re d  
by  f i r s t  c o u n t e r p o i s i n g  t h e  s am p le  w i t h o u t  t h e  m a g n e t i c  f i e l d  and 
t h e n  a d d i n g  w e i g h t s  t o  r e s t o r e  t h e  b a l a n c e  a f t e r  t h e  m a g n e t i c  f i e l d  
h a s  b e e n  a p p l i e d .  F o r  a sam ple  o f  u n i f o r m  c r o s s - s e c t i o n ,  £A(H2 -H o a ) 
w i l l  be a  c o n s t a n t .  The gram s u s c e p t i b i l i t y  i s  r e l a t e d  t o  t h e  volume 
s u s c e p t i b i l i t y  by a c o n s t a n t ,  t h e  d e n s i t y .  E q u a t i o n  2 6  c an  t h u s  be 
e x p r e s s e d
*g -  &  (ST)
I n  t h i s  e q u a t i o n  B i s  t h e  t u b e  c a l i b r a t i o n  c o n s t a n t ,  F /  ■ F - S ,  i s
t h e  gram s u s c e p t i b i l i t y  and W i s  sample  w e i g h t  i n  g ra m s .  The
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c a l i b r a t i o n  c o n s t a n t  B i s  d e t e r m i n e d  by u s i n g  a  s u b s t a n c e  o£ known 
m a g n e t i c  s u s c e p t i b i l i t y .  The m o l a r  s u s c e p t i b i l i t y ,  X^, i s  o b t a i n e d  
by m u l t i p l y i n g  t h e  gram s u s c e p t i b i l i t y  by t h e  m o l e c u l a r  w e i g h t  o f  
t h e  s a m p l e .
The m o l a r  s u s c e p t i b i l i t y  f o r  a  compound w i l l  i n c l u d e  c o n ­
t r i b u t i o n s  from p a r a m a g n e t i c  and d i a m a g n e t i c  s u s c e p t i b i l i t i e s .  The 
m easu red  m o la r  s u s c e p t i b i l i t y  f o r  a  m e t a l  i o n  complex  may be  r e p r e ­
s e n t e d  i n  t h e  f o l l o w i n g  way
X = X '+X ( l i g a n d s ) + X  ( i o n s )  ( 2 8 )m m m  m
X '  i s  t h e  p a r a m a g n e t i c  s u s c e p t i b i l i t y  o f  t h e  m e t a l  i o n ,  X ( l i g a n d s )  m m
and Xffl ( i o n s )  a r e  t h e  d i a m a g n e t i c  s u s c e p t i b i l i t y  o f  t h e  l i g a n d s  and
i o n s  p r e s e n t  i n  t h e  compound. X * i s  c a l c u l a t e d  byin
x /  = Xm-Xm( l i g a n d s ) - X m( i o n s )  ( 2 9 )
The c o r r e c t i o n  i s  p o s i t i v e  s i n : e  t h e  v a l u e s  f o r  d i a m a g n e t i c  s u s c e p ­
t i b i l i t y  a r e  n e g a t i v e .  The m a g n e t i c  moment i n  Bohr m ag n e to n s  i s  
t h e n  c a l c u l a t e d  by t h e  f o l l o w i n g  e q u a t i o n :
Wfef f  -  2 .8 l t ( X n ‘t ) *  ( 3 0 )
T i s  t h e  a b s o l u t e  t e m p e r a t u r e  a t  w h ich  t h e  m a g n e t i c  s u s c e p t i b i l i t y  
i s  d e t e r m i n e d .
M a g n e t i c  s u s c e p t i b i l i t y  m e a s u re m e n ts  h a v e  b e e n  made f o r  
UCI5  ’d i p h o s  , UCI5  •2 CqH7 N0 1 U C l s ’l+Cgl^NO, UCUT'^HT,  [UgClgCPhgAs) ]C1 
and [UCl4 d i p y ] C l .  The c a l c u l a t e d  m a g n e t i c  moments o f  t h e s e  compounds 
a r e  g i v e n  i n  T a b l e  I .  The v a l u e s  o b t a i n e d  f o r  t h e  m a g n e t i c  moments
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TABLE I
MAGNETIC MOMENTS FOR URANIUM (v) COMPOUNDS
Compound T ( 0 K)
UC1S - d i p h o s 298.5 2 . 7 6
UCl5  * 2C©H7-NO 297 1.95
UCI5  -l+Cgl^NO 503 2.81+
UC14 T*1+HT 3 0 1 1 . 9 !+
[U2 C l 9 CPh3 A s ) ] C l 299 3 . 1+0 o r  
1 . 7 0  p e r  U1
[UCl4 d i p y  ]CL 2 9 8 2 . 7 8
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o f  t h e  d i f f e r e n t  compounds show c o n s i d e r a b l e  v a r i a t i o n *  The v a l u e s  
may be  compared w i t h  a  v a l u e  o f  o f  2 .2 5  BM f o r  NH4 UFe , ( ^ 9 )
1 . 8 6  BM f o r  U O a C l ^ 1̂  and  l . j l *  BM f o r  UC15 'TCAC.(8 2 )  A r e v i e w  o f  t h e  
l i t e r a t u r e  s u r v e y  s e c t i o n  o f  m a g n e t i c  moment d a t a  r e v e a l s  t h a t  v a l u e s  
r e p o r t e d  f o r  d i f f e r e n t  t y p e s  o f  u r a n i u m ( v )  compounds h a v e  c o v e r e d  a 
r a n g e  o f  v a l u e  f rom  2 .2 5  to  1 . 0 6  BM.
The  c a l c u l a t e d  v a l u e  o f  f ° r  [U^ClePhgAs^Cl i s  J t.kO  BM.
T h i s  g i v e s  a  v a l u e  o f  (J>e ££ = 1 - 7 0  BM p e r  U5 + . T h i s  r e s u l t  s u p p o r t s  
t h e  s u g g e s t e d  d i m e r i c  s t r u c t u r e  f o r  t h i s  compound.
B. E l e c t r o n  S p in  R esonance  S p e c t r a
E l e c t r o n  s p i n  r e s o n a n c e ,  so m et im es  te rm ed  e l e c t r o n  p a r a ­
m a g n e t i c  r e s o n a n c e ,  i s  t h e  b r a n c h  o f  a b s o r p t i o n  s p e c t r o s c o p y  i n  
w h ich  r a d i a t i o n  o f  m icrowave  f r e q u e n c y  i s  a b s o r b e d  by m o l e c u l e s  w h ich  
h a v e  e l e c t r o n s  w i t h  u n p a i r e d  s p i n s .  F o r  an  e l e c t r o n  w i t h  s p i n  s -  
t h e  s p i n  a n g u l a r  momentum quantum number c a n  h a v e  v a l u e s  mg *  +
I n  t h e  a b s e n c e  o f  a  m a g n e t i c  f i e l d  t h e s e  s p i n  e n e r g y  s t a t e s  a r e  
d e g e n e r a t e ,  h o w e v e r ,  when a m a g n e t i c  f i e l d  i s  a p p l i e d  t h e  d e g e n e r a c y  
i s  rem oved .  The s t a t e  w i t h  t h e  s p i n  m a g n e t i c  moment a l i g n e d  w i t h  t h e  
f i e l d  i s  t h e  lew e n e r g y  s t a t e  and c o r r e s p o n d s  t o  t h e  quan tum  number 
m = -  ■£. The s t a t e  w i t h  t h e  s p i n  m a g n e t i c  moment o p p o sed  t o  t h e  
a p p l i e d  f i e l d  i s  t h e  h i g h  e n e r g y  s t a t e  and c o r r e s p o n d s  t o  t h e  quantum
number m “  +  A.s *
The  a p p l i c a t i o n  o f  a n  o s c i l l a t i n g  f i e l d  p e r p e n d i c u l a r  t o  
t h e  a p p l i e d  m a g n e t i c  f i e l d  i n d u c e s  a  t r a n s i t i o n  p r o v i d e d  t h e  a p p l i e d  
f r e q u e n c y  s a t i s f i e s  t h e  r e s o n a n c e  c o n d i t i o n .  The e n e r g y  o f  t h e
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t r a n s i t i o n  i s  E *  h\i a s  i n  o t h e r  fo rm s  o f  a b s o r p t i o n  s p e c t r o s c o p y .
F o r  e l e c t r o n  s p i n  r e s o n a n c e  t h e  r e s o n a n c e  c o n d i t i o n  i s
h v  *  gpH (5 1 )
I n  e q u a t i o n  51 h  i s  P l a n c k ' s  c o n s t a n t ,  v i s  t h e  f r e q u e n c y  
o f  r a d i a t i o n .  P i s  t h e  Bohr  m a g n e t o n ,  H i s  t h e  f i e l d  s t r e n g t h  and  
g i s  t h e  s p e c t r o s c o p i c  s p l i t t i n g  f a c t o r .
The  l o w e r  e n e r g y  s t a t e ,  N*, h a s  a  g r e a t e r  p o p u l a t i o n  t h a n  
t h e  h i g h e r  e n e r g y  s t a t e ,  Na , and  i n  g e n e r a l  t h e  d i s t r i b u t i o n  i s  g i v e n  
by  t h e  M a x w e l l - B o l t z m a n  e x p r e s s i o n
S f  -  ( 5 2 )
w h e r e  h  and  v e r e  a s  d e f i n e d  a b o v e  and  k i s  t h e  B o l t z m a n  c o n s t a n t  and 
T t h e  a b s o l u t e  t e m p e r a t u r e .  A t  room t e m p e r a t u r e  and  w i t h  a n  e n e r g y  
s e p a r a t i o n  c o r r e s p o n d i n g  t o  a  w a v e l e n g t h  o f  8 . 6  mm t h e  r a t i o  i s
0 . 9 9 5 . ( 1 1 5 )
I n  o r d e r  f o r  a b s o r p t i o n  o f  r a d i a t i o n  t o  c o n t i n u e ,  t h e r e  
m u s t  b e  a  means b y  w h ic h  e l e c t r o n s  f ro m  t h e  h i g h e r  e n e r g y  s t a t e  l o s e  
e n e r g y  and  d r o p  b a c k  t o  t h e  l o w e r  e n e r g y  s t a t e .  A m e ch a n ism  i s  
n e e d e d  i n  w h ic h  t h e r e  i s  a  t r a n s f e r  o f  e n e r g y  by  i n t e r a c t i o n  w i t h  
some s y s t e m  o t h e r  t h a n  t h e  i n c i d e n t  r a d i a t i o n  and  s u c h  a  m echan ism  
i s  t e rm e d  a  r e l a x a t i o n  p r o c e s s .
F o r  a  f i e l d  s t r e n g t h  o f  1 0 , 0 0 0  g a u s s  t h e  r e s o n a n c e  f r e q u e n c y  
o f  a f r e e  e l e c t r o n  i s  2 8 , 0 2 6  M e / s e c .  T h i s  f r e q u e n c y  h a s  a  w a v e l e n g t h  
o f  a p p r o x i m a t e l y  1  cm. An X b a n d  s p e c t r o m e t e r  o p e r a t e s  a t  a b o u t  5 cm
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w a v e l e n g t h  w i t h  v ■ 9»500 M c / s e c .  F o r  t h i s  f r e q u e n c y  t h e  f i e l d  
r e q u i r e d  f o r  r e s o n a n c e  f o r  a  f r e e  e l e c t r o n  i s  a b o u t  3 ,4 0 0  g a u s s . (1 1 4 )  
An ESR s p e c t r u m  c o u l d  be  o b t a i n e d  by  v a r y i n g  t h e  f r e q u e n c y  o r  t h e  
f i e l d .  I t  i s  e a s i e r  e x p e r i m e n t a l l y  t o  v a r y  t h e  f i e l d  and  t h i s  i s  
u s u a l l y  t h e  p r o c e d u r e  u s e d .
The  s p e c t r o s c o p i c  s p l i t t i n g  f a c t o r ,  g ,  h a s  t h e  v a l u e  
2 .0 0 2 3 2 2  f o r  a  f r e e  e l e c t r o n .  The q u a n t i t y  g i s  n o t  a  c o n s t a n t ,  b u t  
a t e n s o r  q u a n t i t y ,  whose  v a l u e  d e p en d s  on  t h e  o r i e n t a t i o n  o f  t h e  
m o l e c u l e  c o n t a i n i n g  t h e  u n p a i r e d  e l e c t r o n  w i t h  r e s p e c t  t o  t h e  
m a g n e t i c  f i e l d .  A v a l u e  o f  g a v e r a g e d  o v e r  a l l  o r i e n t a t i o n s  i s  
o b t a i n e d  f o r  s o l u t i o n ,  gas  p h a s e  o r  powdered s a m p l e s .  I n  a  c r y s t a l  
w here  movement i s  r e s t r i c t e d  t h e  v a l u e  o f  g i s  d e p e n d e n t  on  t h e  
o r i e n t a t i o n  o f  t h e  c r y s t a l .  When t h e  p a r a m a g n e t i c  s p e c i e s  i s  
l o c a t e d  i n  a  c r y s t a l  s i t e  o f  c u b i c  s y n m e t ry  t h e  g v a l u e  i s  i n d e ­
p e n d e n t  o f  o r i e n t a t i o n  and  i s  t h e r e f o r e  i s o t r o p i c .  I f  t h e  p a r a ­
m a g n e t i c  s p e c i e s  i s  i n  a  c r y s t a l  s i t e  o f  low er  symmetry  t h e  g 
v a l u e  i s  d e p e n d e n t  on o r i e n t a t i o n  o f  t h e  c r y s t a l  and i s  t h e r e f o r e  
a n i s o t r o p i c .  F o r  a n  a n i s o t r o p i c  c a s e  t h e  g z v a l u e ,  w here  z 
d e s i g n a t e s  a s  t h e  d i r e c t i o n  c o i n c i d e n t  w i t h  t h e  h i g h e s t - f o l d  
r o t a t i o n  a x i s ,  i s  e q u i v a l e n t  t o  8 | | »  t *ie  8  v a l u e  when t h e  a x i s  o f  
h i g h e s t  r o t a t i o n  i s  p a r a l l e l  t o  t h e  a p p l i e d  m a g n e t i c  f i e l d .  The
g and g v a l u e s  which  a r e  e q u a l  i n  a  t e t r a g o n a l  s i t e  a r e  d e s i g -  x y
n a t e d  a s  g ^ ,  t h e  v a l u e  o f  g when t h e  a p p l i e d  m a g n e t i c  f i e l d  i s  
p e r p e n d i c u l a r  t o  t h e  z a x i s .  The a n g l e  b e tw e e n  t h e  d i r e c t i o n  o f  
t h e  m a g n e t i c  f i e l d  and t h e  z a x i s  i s  d e s i g n a t e d  a s  6 * The g 
v a l u e  i s  t h e n  c a l c u l a t e d  by t h e  f o l l o w i n g  e q u a t i o n : ( U ^ )
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g 2  -  g | | 2 c o 8 2  0 +  g ^ s i n 2  e« (3 3 )
The  ESR s p e c t r u m  c a n  be p r e s e n t e d  as  a  p l o t  o f  I n t e n s i t y  
a g a i n s t  t h e  a p p l i e d  f i e l d  b u t  i t  i s  c u s to m a r y  t o  p r e s e n t  t h e  f i r s t  
d e r i v a t i v e  o f  t h e  a b s o r p t i o n  c u r v e  p l o t t e d  a g a i n s t  t h e  s t r e n g t h  o f  
t h e  a p p l i e d  m a g n e t i c  f i e l d .
When a l o n e  e l e c t r o n  m oves  i n  an  o r b i t  w h ic h  i n c l u d e s  a
n u c l e u s  w i t h  a  n u c l e a r  s p i n ,  I ,  t h e r e  w i l l  be  an  i n t e r a c t i o n  ( h y p e r -
f i n e )  w h ich  w i l l  r e s u l t  i n  t h e  a b s o r p t i o n  s i g n a l  b e i n g  s p l i t  i n t o
91+1 c o m p o n e n t s .  The c a s e  o f  a n  e l e c t r o n  i n t e r a c t i n g  w i t h  a  n u c l e u s
h a v i n g  a n u c l e a r  s p i n  o f  ^  w i l l  be  c o n s i d e r e d  a s  a n  e x a m p l e .  F o r
e a c h  v a l u e  o f  m ,+  t h e  n u c l e a r  s p i n  a n g u l a r  momentum quantum s
number can  h ave  v a l u e s  o f  +  As a  r e s u l t  o f  t h i s  i n t e r a c t i o n  
t h e r e  a r e  f o u r  e n e r g y  l e v e l s .  The s e l e c t i o n  r u l e s  f o r  ESR p e r m i t  
t r a n s i t i o n s  o n l y  when * 0 and £p»s * +  1 ,  So f o r  t h e  f o u r  l e v e l s
r e s u l t i n g  f rom  t h e  I n t e r a c t i o n  two t r a n s i t i o n s  would  be  a l l o w e d  
r e s u l t i n g  i n  two p e ak s  i n  t h e  a b s o r p t i o n  c u r v e .  When t h e  s p e c t r u m  
i s  s p l i t  by n  e q u i v a l e n t  n u c l e i  o f  e q u a l  s p i n ,  t h e  a b s o r p t i o n  
s i g n a l  i s  s p l i t  i n t o  2 n l + l  c o m p o n en t s .
E l e c t r o n  s p i n  r e s o n a n c e  s t u d i e s  a r e  i m p o r t a n t  i n  t h e  
s t u d y  o f  u r a n iu m ( v )  c o o r d i n a t i o n  compounds b e c a u s e  t h e y  p r o v i d e  
a  means o f  c o n f i r m i n g  t h e  u ra n iu ro (v )  o x i d a t i o n  s t a t e  and a l s o  
g i v e  i n f o r m a t i o n  c o n c e r n i n g  t h e  b o n d i n g  i n  t h e  compounds.  B ec a u se  
o f  t h e  s t r o n g  t e n d e n c y  o f  U ( v )  t o  d i s p r o p o r t i o n a t e  t o  u ( l V )  and 
U ( V l )  i t  i s  i m p o r t a n t  t o  e s t a b l i s h  t h a t  U( V )  i s  p r e s e n t  i n  a  
compound and t h a t  d i s p r o p o r t i o n a t i o n  h a s  n o t  o c c u r r e d .  S i n c e
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U ( V l )  h a s  no u n p a i r e d  e l e c t r o n s  i t  d o es  n o t  g i v e  a n  ESR s i g n a l .  U ( i v )  
w i t h  two u n p a i r e d  e l e c t r o n s  g i v e s  a n  ESR s i g n a l  o n l y  i n  u n u s u a l  
c i r c u m s t a n c e s  b e c a u s e  o f  t h e  s t r o n g  s p i n - s p i n  i n t e r a c t i o n .  An ESR 
s i g n a l  f o r  powdered s am p le s  o b t a i n e d  a t  room t e m p e r a t u r e  i s  t h e r e f o r e  
c o n s i d e r e d  c o n f i r m a t i o n  o f  t h e  u r a n iu m ( v )  o x i d a t i o n  s t a t e .
The d a t a  f o r  t h e  ESR s p e c t r a  f o r  t h e  compounds p r e p a r e d  i n  
t h i s  s t u d y  a r e  p r e s e n t e d  i n  T a b l e  I I  and  t h e  ESR s p e c t r a  a r e  shown 
i n  F i g u r e s  I I  t o  I X .  The ESR s p e c t r a  were  o b t a i n e d  and t h e  d a t a  i s  
g i v e n  I n  T a b l e  I I  f o r  t h r e e  compounds,  UC15 *TCAC, UC15 *S0C12  and 
P r 4 NUCl6 , p r e v i o u s l y  s t u d i e d  by S e l b i n ,  O r t e g o  and G r i t z n e r . ^ ^
T h e s p e c t r a  o f  t h e s e  t h r e e  com pounds a r e  show n i n  F i g u r e s  X t o  X I I .
The v a l u e s  o b t a i n e d  f o r  t h e s e  compounds a r e  o f  i n t e r e s t  f o r  
c o m p a r i s o n  w i t h  t h e  v a l u e s  f o r  t h e  new u r a n i u m ( v )  compounds.
The  gflve v a l u e s  o b t a i n e d  f o r  [UCl4 d ip y ' ]C l  and UCl5 *Ph3 P, 
UCl5 * d i p h o s ,  [ U a C l s P h s B i ^ l  and UCl5 *2 C9 HrN0  a r e  v e r y  c l o s e  t o  t h e  
f r e e  e l e c t r o n  g v a l u e ,  2 .0 0 2 3 2 2 .  T h e s e  compounds g i v e  v e r y  n a r ro w  
s i g n a l s  r a n g i n g  i n  w i d t h  from 7 . 2  t o  39 g a u s s .  A l l  o f  t h e s e  com­
pounds  h a v e  l i g a n d s  c o n t a i n i n g  a r o m a t i c  r ln g B  w h ic h  h a v e  empty  low 
e n e r g y  m o l e c u l a r  o r b i t a l s  i n t o  w h ich  t h e  one 5 1  e l e c t r o n  m ig h t  be 
d e l o c a l i z e d .
I n  c o n t r a s t  t o  t h e  above  s i t u a t i o n  t h e  compounds w h ic h  had 
b e e n  s t u d i e d  p r e v i o u s l y ( 9 8 ) ,  UC1S *TCAC, UC15 ‘S0C12  and P r 4 NUCl6 , 
have  gflve v a l u e s  o f  1 . 0 9 0 ,  I . O 6 3  and 1 . 1 0 6 ,  w h ich  a r e  much lo w e r  t h a n  
t h e  f r e e  e l e c t r o n  v a l u e *  T h e s e  compounds g i v e  v e r y  b r o a d  s i g n a l s ,  
m a r k e d l y  d i f f e r e n t  from t h o s e  o f  t h e  new compounds.  I t  i s  s i g n i f i c a n t
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TABLE I I
DATA FOR ELECTRON SPIN RESONANCE SPECTRA8
Compound Gain
F i e l d  
( Gauss)
F re q u e n c y  
M e /se c ®ave
S ig n a  1 
Width  
( Gauss)
[UCl4 d i p y ] c l 63 3363 9*06 2 .0 0 5 1 5 . 0
UC15  • Ph3P 45 3360 91+1+2 2 . 0 0 8 2 5 0
UCI5 - d ip h o s 50 3339 9 I+I+1+ 2 . 0 2 2 39
(U Cl5 +Ph3 Sb) 3 6 0 3260 91+1+7 2 .0 7 1 > 2 0 0 0
[ u e C l 9( Ph3B i ) 1 c i 2 2 0 3365 9 I+1+2 2 .0 0 5 7 . 2
u c i 4 t* i+ht Y1 0 3372 9339 1 . 9 6 0 > 2 0 0 0
UCls-PCgHT-NO 2 0 0 3372 91+1+2 2 . 0 0 1 1 5 . 0
UC1 5 -UC9 H7 N0 63 2953 91+1+3 2 . 2 8 6 1 1 2 1 + .0
u c i 5 - tcac 2 0 0 6 1 6 8 9*03 1 . 0 9 0 1 2 8 0 . 0
P r 4 NUCl6 1 2 0 6 2 0 2 9*09 I . 0 6 3 1 2 5 6
UC15 *S0C12 11+0 6 1 1 1 + 9*+ 60 1 . 1 0 6 1 2 2 0
A l l  v a l u e s  g i v e n  a r e  f o r  powdered s am p le s  e x c e p t  f o r  (UCl 5 +Ph3 Sb) whose 
s p e c t r u m  was o b t a i n e d  i n  n i t r o m e t h a n e  s o l u t i o n .
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FIGURE I I
The ESR spectru m  o f  pcwdered [ u C l4d i p y






FIGURE I I I
The ESR sp ec tru m  o f  powdered UCl5*PhaP,





The ESR spectru m  o f  powdered UCls * d ip h o s ,







The ESR spectrum o f  (UCl5+Ph3Pb) in  n i t r o m e t h a n e ,





T'l£ ESR spectrum o f  powdered [UgC lg (PhsBi  )]C 1







The ESR spectru m  o f  powdered UCl4T*4HT3
V = 9339  M c / s ,  f i e l d  s t r e n g t h :  3572 + 2000 g a u s s .
GAUSS
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FIGURE V I I I
Th^ ESR sp ectru m  o f  powdered UC1 ^’lfCgHyNO,
v = 9^U2 Mr./s, f i e l d  s t r e n g t h :  3372 + 250 g a u s s .
G A U S S
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FIGURE IX
The ESR sp ec tru m  o f  powdered UCIs 'SCqHt-NO,







The ESR spectrum  o f  powdered UCls'TCAC,




The ESR sp ectru m  o f  powdered P r4NUCl6 ,
v  = 9^39 M c /s ,  f i e l d  s t r e n g t h :  6202 + 2000 g a u s s .

7 b
FIGURE X I I
The ESR spectrum  o f  powdered UCl5 *S0Cl2,
v = 9^60 H c / s ,  f i e l d  s t r e n g t h :  6114 + 2000 g a u s s .
400
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t h a t  t h e  l i g a n d s  p r e s e n t  i n  t h e ^ e  compounds,  which  g i v e  b r o a d  s i g n a l s
and low g v a l u e s ,  do n o t  h ave  empty  low e n e r g y  m o l e c u l a r  o r b i t a l s  ave
a v a i l a b l e  f o r  d e l o c a l i z a t i o n  o f  t h e  5 f  e l e c t r o n .
The g v a l u e s  c l o s =  t o  t h e  f r e e  e l e c t r o n  v a l u e  and t h e  ave
n a r ro w  s i g n a l s  o b t a i n e d  f o r  [ U C l ^ ' d i p y J C l j U C l g ’Ph aP ,  UCI5 " d i p h o s , 
[UgCl9 (P h 3 B i)  ]C1 and UC1S *i?C9 H9NO a r e  c o n s i d e r e d  e v i d e n c e  f o r  t h e  
d e l o c a l i z a t i o n  o f  t h e  u r a n i u m ( v )  f,f e l e c t r o n  i n t o  t h e  a v a i l a b l e  
m o l e c u l a r  o r b i t a l s  c f  the. l i g a n d s .
The ESR s p e c t r u m  o b t a i n e d  f o r  t h e  compound formed by 
r e a c t i o n  c f  UClg'TCAC and Ph^Sb i s  f o r  a  n i t r o m e t h a n e  s o l u t i o n  a n d ,  
a s  s e e n  i n  F i g u r e  V, i t  i s  v e r y  d i f f e r e n t  from t h e  s p e c t r a  o b t a i n e d
f o r  t h e  o t h e r  compounds.  B ecau se  t h i s  compound was n o t  o b t a i n e d  i n
p u r e  fo rm and was n o t  c h a r a c t e r i z e d ,  i t  i s  n o t  p o s s i b l e  t o  e x p l a i n  
t h i s  s p e c t r a  o t h e r  t h a n  t o  n c t ^  t h a t  s p l i t t i n g  m ig h t  be e x p e c t e d  i n
l 2 lt h i s  c a s e  b e c a u s e  Sb ( n a t u r a l  a b u n d an ce  57*25$)  h a s  a  n u c l e a r  
s p i n  o f  5 / 2  and Sb ( n a t u r a l  abun d an ce  1+2.75) ha s  a  n u c l e a r  s p i n  
o f  7 / 2 .
The ESR s p e c t r u m  o f  UClg *l+G9 Hr-N0, F i g u r e  V I I I ,  i s  u n u s u a l
f o r  t h e  compounds p r e p a r e d  i n  t h i s  s t u d y  b e c a u s e  i t  g i v e s  a  b r o a d
s i g n a l  e v e n  th ough  t h e  f o u r  9 -h y J iv > x y q u in c l in e  m o l e c u l e s  p r e s e n t  
do c o n t a i n  a r o m a t i c  r i n g s  and d e l e c a l i z a t i o n  o f  t h e  e l e c t r o n  m ig h t  
be  e x p e c t e d .  However,  t h e  g flve v a l u e ,  2 . 2 8 6 ,  i s  a p p r e c i a b l y  h i g h e r  
t h e n  t h a t  o b t a i n e d  f o r  any o f  t h e  e t h e r  compounds.  As d i s c u s s e d  
above  t h i s  compound h a s  a h i g h e r  m a g n e t i c  moment,  p ^ f f  * 
t h a n  found f o r  t h e  o t h e r  compounds.  T h i s  h i g h  m a g n e t i c  moment and 
t h e  h i g h  c o o r d i n a t i o n  number a r e  a p p a r e n t l y  c o n s i s t e n t  w i t h  t h e  
u n u s u a l  ESR s p e c t r u m .
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The b r o a d ,  weak ESR s i g n a l  shown i n  F i g u r e  VI f o r  U C ^T '^H T
i s  a p p a r e n t l y  r e l a t e d  t o  t h e  h i g h  c o o r d i n a t i o n  number and d y s y m n e t ry
o f  t h i s  compound. The g v a l u e ,  1 . 9 8 0 ,  i s  low er  t h a n  f o r  t h e  o t h e rave
compounds and i s  n e t  c l o s e  t o  t h e  f r e e  e l e c t r o n  g v a l u e .  T h i s  i n d i ­
c a t e s  l e s s  e l e c t r o n  d e l o c a l i z a t i o n  f o r  t h i s  a p p a r e n t l y  1 0 - c o o r d i n a t e  
com plex .
The o n l y  compound p r e p a r e d  w h ich  d i d  n o t  g i v e  an  ESR s i g n a l  
was [ U ^ C l a t P h ^ A s ) ] C l .  The a b s e n c e  o f  a s i g n a l  f o r  t h i s  compound i s  
p r o b a b l y  due  to  t h e  p r e s e n c e  o f  two ? f  e l e c t r o n s  i n  t h e  s y s t e m .  
A ssum ing  t h a t  t h e  u r a n i u m ( v )  i o n s  a r e  j o i n e d  by  c h l o r i d e  b r i d g i n g  
t h e y  m ig h t  b e  c l o s e  enough f o r  s p i n - s p i n  i n t e r a c t i o n  to  o c c u r  b e tw e e n  
t h e  two f  e l e c t r o n s  and p r e v e n t  o b s e r v a t i o n  o f  e l e c t r o n  s p i n  r e s o n a n c e .
The ESR s p e c t r u m  o f  UCl5 * d i p h o s ,  F i g u r e  IV , i s  t h e  o n l y  
s p e c t r u m  o b t a i n e d  o f  a  powdered sam p le  w h ich  shows s p l i t t i n g .  The 
n u c l e a r  s p i n  o f  P i s  ^  and two p h o s p h o ro u s  a toms a r e  p r e s e n t  i n  
t h e  m o l e c u l e .  I n  g e n e r a l ,  when t h e  s p e c t r u m  i s  s p l i t  by n e q u i v a l e n t  
n u c l e i  o f  e q u a l  s p i n ,  t h e  number c f  l i n e s  i s  2 n l + l .  T h u s ,  f o r  
UCl5 * d ip h c s  t h e  a b s o r p t i o n  s p e c t r u m  would  be  e x p e c t e d  to  be  s p l i t  
i n t o  5 l i n e s .  T h i s  i s  o b s e r v e d  i n  t h e  ESR s p e c t r u m  o f  UCl5 * d i p h o s .
The  ESR s p e c t r u m  o f  UCl? *Ph^P, t h e  o t h e r  compound c o n t a i n i n g  
p h o s p h o r o u s ,  d o es  n e t  show any  s p l i t t i n g .  Comparing  t h e  s t r u c t u r e  
o f  t r i p h e n y l p h c s p h i n e  and e t h y l e n e b i s ( d i p h e n y l p h o s p h i n e )  i t  would 
seem t h a t  t h e  p r e s e n c e  o f  t h r e e  a r o m a t i c  r i n g s  a t t a c h e d  t o  t h e  
p h o s p h o r o u s  i n  t r i p h e n y l p h o s p h i n e  would make p o s s i b l e  g r e a t e r  
d e l o c a l i z a t i o n  o f  t h e  5 f  e l e c t r o n  i n  t h e  a r o m a t i c  s y s t e m  t h a n  would
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o c c u r  i n  d i p h o s  w i t h  b u t  two a r o m a t i c  r i n g s  a t t a c h e d  t o  e a c h  p h o s p h o r o u s .  
I f  g r e a t e r  d e l o c a l i z a t i o n  o f  t h e  5 f  e l e c t r o n  i n t o  t h e  a r o m a t i c  r i n g s  
o c c u r s  and  t h e r e  i s  l i t t l e  p o s s i b i l i t y  o f  i n t e r a c t i o n  w i t h  t h e  p h o s ­
p h o r o u s  n u c l e u s  i n  t h e  t r i p h e n y l p h o s p h i n e  t h e n  s p l i t t i n g  w o u ld  n o t  be  
e x p e c t e d  i n  t h e  a b s o r p t i o n  s p e c t r u m  o f  UCl5 *Ph3 P .  The  n a r r o w e r  
s i g n a l  w i d t h  f o r  U C l s ’ PhgF ,  2 5 . 5  g a u s s  com pared  w i t h  3 9  g a u s s  f o r  
UCI5 ' d i p h o s ,  and t h e  8 a v e  v a l u e  o f  2 .0 0 8  f o r  UCl5 *Ph3P w h ic h  i s  
c l o s e r  t o  t h e  f r e e  e l e c t r o n  v a l u e ,  2 . 0 0 2 3 2 2 , t h a n  t h e  UC15 ‘d i p h o s  
v a l u e  o f  2 .0 2 2 , b o t h  s u g g e s t  t h a t  t h e r e  i s  g r e a t e r  d e l o c a l i z a t i o n  
o f  t h e  e l e c t r o n  i n  UCls ‘ P h 3P t h a n  i s  fo und  i n  UCl5 * d i p h o s .
C . V i b r a t i o n a l  S p e c t r a
The  a b s o r p t i o n  b a n d s  f rom  t h e  i n f r a r e d  s p e c t r a  r e c o r d e d  
f ro m  600  t o  J4OOO cm" 1  f o r  t h e  compounds  p r e p a r e d  i n  t h i s  s t u d y  and  
f o r  t h e  c o r r e s p o n d i n g  l i g a n d s  a r e  p r e s e n t e d  i n  T a b l e s  I I I ,  IV  and V.
The  s p e c t r a  c o n f i r m  t h e  p r e s e n c e  o f  t h e  l i g a n d s  i n  a l l  t h e  new com­
pounds  p r e p a r e d .  The i n f r a r e d  s p e c t r a  c o n f i r m  t h a t  t h e  v e r y  s t a b l e
j J
U0a i o n  i s  n o t  p r e s e n t  i n  t h e s e  co m p o u n d s .  As m e n t i o n e d  p r e v i o u s l y
t h e  e a s e  w i t h  w h i c h  u r a n i u m ( v )  o x i d i z e s  and  fo rm s  t h e  UO^ i o n  makes
i t  n e c e s s a r y  t o  e s t a b l i s h  t h a t  t h i s  i o n  i s  a b s e n t  i n  t h e  com pounds .
| |
The p r e s e n c e  o f  U0a  i s  r e v e a l e d  by a  s t r o n g ,  somewhat  b r o a d  band 
i n  t h e  9 2 0  -  9 ^ 0  cm- 1  r e g i o n  and  a  l e s s  i n t e n s e  b a n d  i n  t h e  
8 3 0  -  8 6 0  cm- 1  r e g i o n ,  t h e  a s y n m e t r i c  and s y m m e t r i c  O-U-O s t r e t c h ­
i n g  f r e q u e n c i e s ,  r e s p e c t i v e l y .  Bands  do  n o t  o c c u r  i n  t h e s e  r e g i o n s  
i n  any  o f  t h e  c o m p le x e s  e x c e p t  [U C l^ d ip y ]C 1  and UCI5 . 2 C9 H7 NO*
The b a n d s  o b s e r v e d  i n  [ U C ^ d i p y ^ C l  a t  958 cm" 1 and  917 cm- 1  
a p p e a r  t o  b e  t h e  r e s u l t  o f  a s h i f t i n g  and  s p l i t t i n g  o f  a  b and
TABLE I I I
INFRARED ABSORPTION BANDS ( c m ' 1 ) OF URANIUM(V) 
COMPOUNDS AND LIGANDS, NaCl REGION8
[UCLtdipy^Cl dipy UCl5 *Ph3 P Ph3P UCI5 *diphos diphos
30^0 w
5226 w 3I+OO m 2930 X 2930 x 2930 x 2930 x
56I5 w 3100 w 2860 X 2860 X 2860 X 2858 X
5090 X
2950 X 280+) w 1583  m IS83 m 2I+05 m 2370 m
11+73 x l i+ 7 5  x 1590  m 1585 w
2735 v 11+ 63 s 11+67 s II+63 X IU63 X
1608 s 162L3 s 11+36 s 11+1+3 s 11+3'+ s
1577 m ll+l+O s I378 s 1377 S
1532  m If) 30 m 11+32 s 1315 w 1306 w
11+75 x 1377 s 1377 1190 w II90  w
ll+l+O w 1-4 1+ 0 s (1387 ) (1366) 1178 w II60  W
1380  X H + 1 0  s 1337 w 1326 w 1130 m 1097 ra
1321 w 1312 1308 w l l l p  tn 1080 m
1287 in 1280 w 1067 m 1067  tn
I2U0 w l2l+ t» s 1268 w 1270 w 1027 w 1021+ in
117U m II87 W 1177 W 997 m 997 m
H 6 2  w 1133 m 1162 m U p p  w 955 w
H 08 w 1119  s 1090 s 81+5 w
1092 w 1081; s 1057 v 752  m
1077 m 1082  S 1023 w 1072 m 7I+O m
I0U5 w 995 s 1025 s 7I+3 s
IO38 w l O f  5 m 91*8 m 995 m 733  s J Z T  s
1015 s 1035 s 867 m 917 w JO h w
1008 w 1010 w 788 w 85U w 692 s 692 s
938  s 983 s 75I+ V 665 w 677 w
917 8 ~ V r  S 71+8 s
822 w 728 s 7l+3 s
805 V 883 m 723 W
798 V 687 S 697 s
762 s 758  s 608 m 608 m
738 m 735 tn
662 m
£
Bands marked  w i t h  an x  a r e  N u jo l  b a n d s .
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TABLE IV
INFRARED ABSORPTION BANDS (cm "1 ) OF URANIUM 
COMPOUNDS AND LIGANDS. NaCl REGION8
fU ^C lg (P h 3 A s ) 3 Cl PhcjAs UCl5 +Ph3 Sb Ph3 Sb [U2 C l g ( P h 3 B i ) ] C l  PhgBi
51*50 w 31*50 m 31*00 m 301*0 m 31*00 m
5000 s 3000 s 2930  x 2935 x ( 301*5 )
2955 X
2860 X 2290 m 2870 X 2870 X 2935 x 29 l*0 X
i9 6 0  w 23^0 w 2860 X 2868 X
1880 w 1950 w 2722 V 2730 w
1820 w 1880 w (2661*)
1668  w 1750 w 1800 w 1830 w 1593  m
I566  m
1507 m
I60U w 1608 m 1575  in
1578 w 1575 K1 151*0 w 11*62 X 11*61* x
(11+90) 11*90 s 15 60 x 11* 60 X 11*37 s ( 11*5 9 )
11*63 X IU30 s 11*32 V
11*1*1* X 11*30 s I38O S 1380 S 11*27 rn
1397 ™ 1320 V
(1370) 1390 w 1500 w I376  s 1378  s
1317 w I3IO s 1260 m 1250 V ( 1 3 6 5 ) (1366)
I26U m 1275 w 1210 w 1200 w 
119*3 w
1327 w 1326 w
1187  w H 83 w 1160 w U.70 w 1307 w 1300 V
1167  w 1155 m
1150 w
1130 m 1260 m 1260 V
(1083) 1 "9 0  w 1095 v 1187 w 1181* W




1075  V 
972  at





1023  w 1 0 2 2  s '950 tn
997 s 1 0 0 0  s 955 m 950  w 1012 n 1015 m
990  w 878 m 992 s 997 m




86*3 m 983 w 
965 w
853  w 
85 5 w
9I8 w
75!+ m 730  m 730  s 812  m 81*7 m
71*3 s 736 s 685 m 695 s (7 3 7 )
725 w 727  w 726 s
687 s 695 s 685 tn 697 s
0
Bands  m arked  v i t h  x  a r e  due  t o  N u j o l .
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TABLE V
INFRARED ABSORPTION BANDS (cm~L) OF 
URANIUM COMPOUNDS AND LIGANDS. NaCl REGION*
UCls -2CglVN0 C9 B7 NO UCI5 'l+Cgl^NO UC14T .1+HT HT
3I+25 w
3173 V
(3200) 31+25 w ( 30 9 0 ) 3200 w
( 3120 ) ( 3075 ) 2930 9 2925 8
(3022) ( 301+0 ) 2860 s 2866 S
2904 X 2960  X 2930 x 2368 w
2860 s 2900 8 2660 s 
(27i+2)
27I+O w ^T35 W (2720) 1585  s 1611+ tn
2580  V 2680 V 2660 w 151+3 w
2320  V 2375 w
191+8 w
2577 W 1523 s 1557  m 
1508 w
1908 w 11+95 w (11+90)
1895 W 11+62 s II+63 s
1825 V 11+55 s
1732 W ( 11+2 5 )
1705 W 11+16 s
I63O s 1627 W 1652 s 1375  8 1378  8





I 5 5 I+ S 1550  s I322  8
(151+2) 1290 S
11+97 m 1508 s 11+97 tn 1259  m 1267 S
11+68 x 11+61+ x 11+57 x 121+2 w 1250 6
1I+57 6
11+20 s 11+13 s 11+18 s 1227 w
1385  s 1380 s 1377  s 1213 s 1211 in
1301+ s 1302 S 1187 w 1170 w
1295  8 1280 s 1073  w
1060 V 1050 in
1270 s 1268 s 1270 s 101+5 w
1226 8 1226 s 1223  s 982 w
1207  v 1205 S 1197  tn 96U tn 955 m
1177  m 1165 8 1175  m 9I+7 w
920 tn
U l+5 m 111+0 m H 3 8  in 913  w
1105  8 1095 m 1 1 0 5  s
1095 m
8 7 U 8
8 3 2  W
875 m
1062 m 1060 m 1057  m
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T a b l e  V c o n t .
UC15 '2C0H7NO Cs Ht-WO UClg^CglVNO UC14T*^HT ht
789  w
I 0lf5 m ( 10U5 ) (10^5 ) 7^0 m 7^2  m
IO32 w 1028 w 1032 w
987 W 985 w 728 m
9^3  s 975 s
910 s
713  m H 00 S
902 s 897 a 900 s
890 m (89U) 
867 m
885 m 687 w 677 v  
(668)
822 s 820 s 818 s
802 m (8rA) 800 m
( 7 7 5 ) 788 w (7 7 3 )
762 & 782 s 762 s 
(7 5 0 )
738  s 7U5 S 755 s
715  v 712 s
687 tn 610 m
623 m 625 m
Bands marked  w i t h  x  a r e  due  t j  N u j e l .
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w hich  o c c u r s  a t  9 8 3  cm-1 i n  t h e  f r e e  l i g a n d .  T h e r e  i s  no band p r e s e n t  
i n  t h e  complex  a t  9 8 3  cm- 1 . I n  UC15 «2C9H7N0 t h e  band a t  9 2 5  a p p e a r s  
t o  r e s u l t  from a l i g a n d  band  w h ic h  h a s  s h i f t e d  from 975 cm- 1 .
The compound UCl5*Ph3 P0 h a s  b e e n  p r e p a r e d  and s t u d i e d  by 
B a g n a l l ,  Brown and D u P r e e z . ( 8 8 )  To e s t a b l i s h  c l e a r l y  t h a t  UCl5 *Ph3P 
i s  a new compound and d o e s  n o t  c o n t a i n  p h o s p h i n e  o x i d e  t h e  i n f r a r e d  
s p e c t r u m  o f  UCl5 *Ph3P was examined  t o  d e t e r m i n e  w h e t h e r  a  band c o r ­
r e s p o n d i n g  t o  t h e  P*0 v i b r a t i o n a l  f r e q u e n c y  i s  p r e s e n t .  I n  Ph3PO 
th e  P*0 band i s  found a t  H 9 2  cm"1 and on  f o r m in g  UCl5*Ph3P0 t h e  band 
i s  s h i f t e d  t o  973 cm"1 . ( 8 8 )  O t h e r  w o r k e r s  r e p o r t  t h a t  on c o m p l e x a t i o n  
t h e  P=0 band i s  s h i f t e d  t o  t h e  1")63 - 1093 cm-1 r e g i o n . (1 1 6 )  UCl5 *Ph3 P 
d o e s  n o t  show any s t r o n g  b an d s  i n  t h e s e  r e g i o n s  w h ic h  a r e  n o t  a l r e a d y  
p r e s e n t  i n  t h e  f r e e  l i g a n d .  The i n f r a r e d  s p e c t r u m  o f  UC15 ‘d i p h o s  
a l s o  r u l e s  o u t  t h e  p o s s i b i l i t y  o f  t h i s  compound c o n t a i n i n g  t h e  o x i d e  
of  t h e  l i g a n d .  The i n f r a r e d  s p e c t r a  o f  t h e s e  compounds c o n t a i n i n g  
p h o s p h o ro u s  d o n o r  l i g a n d s  h a v e  a l s o  b e e n  exam ined  f o r  p o s s i b l e  P-H 
b a n d s .  The a b s e n c e  o f  b an d s  i n  t h e  r e g i o n  o f  2 U5 0  cm*1 w here  P-H 
b a n d s  a r e  u s u a l l y  o b s e r v e d ( 1 1 7 ) i s  c o n f i r m a t i o n  t h a t  t h e s e  compounds 
do n o t  e x i s t  a s  phosphonium  s a l t s .  However,  e v i d e n c e  f o r  t h e  e x i s t ­
e n c e  o f  t h e  U-P bond h as  b e e n  o b t a i n e d  from i n f r a r e d  d a t a  and w i l l  
be  p r e s e n t e d  b e lo w .
The  i n f r a r e d  s p e c t r u m  o f  [U2 C la ( P h 3 AB) ]C1 h a s  b e e n  ch eck ed  
to  v e r i f y  t h a t  t h i s  compound d o e s  n o t  c o n t a i n  t h e  a r s i n e  o x i d e .  The 
As™0 band  w h ic h  o c c u r s  a t  880 cm- 1  i n  t h e  f r e e  PhgAsO l i g a n d  i s  
r e p o r t e d  t o  b e  s h i f t e d  t o  a low er  f r e q u e n c y  by  a b o u t  1*0 cm- 1  when a 
complex  i s  f o r m e d . (1 1 8 )  No band i s  found  a t  t h i s  f r e q u e n c y  i n  
(1) gC l g  ( PhaAs ) ]C 1 .
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The  i n f r a r e d  s p e c t r u m  o f  s i x  compounds  h a s  b e e n  s t u d i e d  i n  
t h e  c e s i u m  i o d i d e  r e g i o n  (TOO -  200 cm- 1 ) .  T h i s  r e g i o n  i s  o f  i n t e r e s t  
b e c a u s e  f r e q u e n c i e s  f o r  U - 0 ,  U-N, U-P and U -C l  b o n d s  may b e  e x p e c t e d  i n  
t h i s  r e g i o n .  The  i n f r a r e d  s p e c t r a  o f  [UCl4 d i p y 1 C l , UCls'UCgHyNO, 
UC14 T*HT, UCl5 *Ph3 P ,  UCl5 * d i p h o s ,  [U2 Clg(FhgAs)"]C1 and t h e  c o r r e ­
s p o n d i n g  l i g a n d s  a r e  shown i n  F i g u r e s  X I I I  t o  X V I I .  The  a b s o r p t i o n  
b a n d s  f o r  t h e s e  s p e c t r a  a r e  g i v e n  i n  T a b l e s  VI and  V I I .
I t  h a s  b e e n  p o s s i b l e  t o  a s s i g n  t h e  f r e q u e n c i e s  f o r  t h e  U-Cl 
b o n d s  i n  t h e  compounds UClg*Ph3 P ,  UCI5 ' d i p h o s ,  [ U C ^ d i p y ^ C l  and  
[ U ^ l g f P h g A s )  ] C l . I n  f U C l^ d ip y ^ C l  t h e  t h r e e  b a n d s  a t  327* 315 and 
510 cm- 1  a r e  a l l  a s s i g n e d  a s  U -C l  f r e q u e n c i e s .  The  t h r e e  b a n d s  a t  
5 2 5 ,  318 and 310 cm- 1  i n  UCl5 *Pha P a r e  a s s i g n e d  a s  U -C l  f r e q u e n c i e s .
I n  UCI5 ' d i p h o s  b a n d s  a t  330 and  3 I 8  cm- 1  a r e  a s s i g n e d  a s  U-Cl 
f r e q u e n c i e s .  A t h i r d  ban d  a t  a b o u t  307 * 309 roay c o n t a i n  a n  
a d d i t i o n a l  U-Cl  f r e q u e n c y  b u t  t h i s  i s  c o v e r e d  by  a l i g a n d  b a n d .
I n  [U2 C l g ( P h 3 A s) ]C 1  t h e  band a t  305 cm- 1  i s  a s s i g n e d  a s  a  
U-Cl  f r e q u e n c y .  I t  i s  p o s s i b l e  t h a t  two a d d i t i o n a l  b a n d s  may a l s o  
be  U-Cl  f r e q u e n c i e s .  The s h a p e  o f  t h e  b and  e n v e l o p e  i n d i c a t e s  t h a t  
t h e  b a n d s  w h ic h  o c c u r  i n  t h e  l i g a n d  a t  3^9» 3 2 8 , 335 and  3^0  cm- 1  
may h a v e  s h i f t e d  t o  a  h i g h e r  e n e r g y  i n  t h e  c o m p le x .  The  b a n d s  a t  
3 6 0 , 3 6 8  and  j j h  cm- 1  i n  [u2 C l 5 ( P h 3 As) ]C 1 may w e l l  r e p r e s e n t  t h e  
s h i f t e d  b a n d s .  I f  t h i s  ban d  s h i f t  h a s  o c c u r r e d  t h e n  a d d i t i o n a l  
a s s i g n m e n t s  f o r  U -C l  f r e q u e n c i e s  c o u l d  b e  made a t  3^7 and  3 2 8  cm- 1 .
A s s i g n m e n t s  h a v e  p r e v i o u s l y  b e e n  made f o r  U -C l  f r e q u e n c i e s .  
B a g n a l l  and  c o w o r k e r s ( 8 1 )  h a v e  r e p o r t e d  v a l u e s  w h ic h  r a n g e  f ro m
FIGURE X III
I n f r a r e d  S p ec t ru m  o f  [UCl4 d i p y  ]C1 f  
200 t o  700 cm*1 i n  N u j o l  M u l l .
I n f r a r e d  Sp ec t ru m  o f  d i p y  f rom  200 
700  cm”1 i n  N u jo l  M u l l .




I n f r a r e d  S p e c t ru m  c f  [U^ClgfPh^As) ]C1 
from 200 to  700 cm*1 i n  N u j o l  M u l l .
I n f r a r e d  S p ec t ru m  o f  PhgAs from 
200 t o  700  cm-1 i n  N u j o l  M u l l .
soo700 6 0 0 3 0 0400 200
FREQUENCY IN C M -1
FIGURE XV
I n f r a r e d  S p e c t ru m  o f  UCls 'Ph.gP from 
200 to  700 c m '1 i n  N u jo l  M u l l .
I n f r a r e d  S p ec t ru m  c f  Ph3P from 
200 t o  700  cm*1 i n  N u jo l  M u l l .
200300500 400500mo
FREQUENCY M  C M -1
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FIGURE XVI
a .  I n f r a r e d  S p e c t ru m  c f  UCl5 *diphoH f rom  
200 t n  700 cm-1 i n  N u j o l  M u l l .
b .  I n f r a r e d  S p e c t ru m  o f  d i p h o s  from 
200 t o  700 cm"1 i n  N u j o l  M u l l .
500 400600 300TOO 300
FREQUENCY IN CM’ 1
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FIGURE XVII
a .  I n f r a r e d  S p e c t r u m  o f  UCl4 *UHT from 
300 t o  600 c m '1 i n  N u j o l  M u l l .
b .  I n f r a r e d  S p e c t r u m  o f  HT f rom
300 t o  600  ^m"1 i n  N u j o l  M u l l .
c .  I n f r a r e d  S p e c t r u m  o f  UC15 '^CaB^NO
fro m  30') 600 cm"1 i n  N u j o l  M u l l .
d .  I n f r a r e d  S p ^ - t r u m  r f  CgH^NO from
300 t o  600 cm-1 i n  N u j c l  M u l l .
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TABLE VI
INFRARED ABSORPTION BANDS (cm- 1 ) OF URANIUM(V) 
COMPOUNDS AND LIGANDS. Csl  REGION
UCl-*PhaP Ph3P Ass ignments  UC13 -d ip h o s  d ip h o s  Ass ignments  [U2Cl9 (Ph3 As)]C1 Ph3 As Assignments
690 s 692 s 696 s 694 s
620 m 620 m 617 m 537 to 686 s
592 8 600 V 594 s 512 s 605 w
(587) 582 w (578) 584 v 594 V
562 w (533) 575 w 575 w
5^2 m 542 m 540 in 552 v 550 v
521 s 515 s 523 s 446 s 534 w 534 w
507 s (503) 523 w 528 w
468 m 482 w 516 w 518 V
U39 w 1+39 tn 452 w 507 W
1+37 w 448 w (488)
U33 W 1+30 w 421 w 407 w 467 s 468 s
358 V 357 w 400 w 400 w 438 w (443)
338 w 338 w 380 w 385 w 430 m (432)
330 m 330 W 354 V 354 w 382 m 382 w
325 tn U-Cl 342 w 346 w 374 m 374 m
318 s U-Cl 338 w 340 m 368 m 358 tn
310 s U-Cl 330 w U-Cl 360 m
304 s 306 V 318 V U-Cl 328 m 328 s
292 s 29I  s 307 tn 307 m 317 tn 519 >n
286 s 285 S 292 V 292 w 305 s
( 268) ( 268) 282 s 286 s 292 s 292 m
265 s U-P 273 s U-P 282 s 284 m
255 ■ 255 « 268 s 267 S 265 s 267 w
00VO
T a b le  VI n . n t .
j'C ! *Ph3P Ph3P Assignments U C l < ̂  *diphos d iphos  Ass ignments [U^ClgfPhgAs)]C1 PhgAs Assignments
2 h j  m 247 m 2dS s 2 5 6  s 2 5 6  m
253 m 2 5 1  in 256 HI 2 *A s 2 ^ 5  ra
2 1 1  m 214 m 2  -4-3 m 2 L9  m 233 s 231 m
235 n 235 ® 215 s 2 2 2  m
232 m 225 m 2 0 8  m 2 0 8  w
213 m 2 1 9  m
2 0 8  ®
TABLE VII
INFRARED ABSORPTION BANDS ( cm~ OF URANIUM(V) 
COMPOl'NDS AND LIGANDS, Csl  REGION
fiJCl4  J i p y ] C i  d ip y  Ass ignments  UC1-•^C3 H-,>-N0 CsHy-NO Assignments  UCl^’HT HT Ass ignments
687 s 69L m 605 s 628 s 5 ^2  v
6 8 2  m 655 s 568 m 568 m 525 m
( 6 3 2 ) 51*3 m 505 s
6L5 ® 623  s 530 s (B road)
58O w 5TO w 330 m L28 s
525 v 538 w 307 m U-N 370 m
>19 V 520 w 1+82 m L-82 m 3^0 s
p03  w 506  w L68 w L60 s
i+92 m U-N L l8 m
I4.I1.5 w LA 5 w LOO m U-0
L-08 w (broad)
Lo6 s
3L2 V 3^2 w
335 m 335 m
32T m u--Cl
3 1 9 m U--Cl
310 m U--Cl
305 m 307 m
300 m
287 s 292 s
282 s 282 s
? ;3 s 276 s
260 s 26L s
233 s 232 s
226 s 225 s
213 s 2 1 1 s
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3 0 3  cm-1  t o  3 1 0  c m '1 f o r  3 h e x a c h l o r o u r a n i u m f V )  compound and 1  o c t a -  
c h l o r o u r a n i u m ( v )  compound .  T h ey  a l s o  r e p o r t e d  a  v a l u e  o f  2 8 5  cm-1 f o r  
UCl^ 'PhyPO and 30^ cm-1  f o r  UCl5 • (C 8 Hi7 ) 3P 0 . { 8 l )  The U-Cl  f r e q u e n c y  
h a s  b e e n  a s s i g n e d  a s  320 c m '1 i n  UC15 *TCAC and 3^5 cm-1  i n  P r 4 NUCl6 . ( 9 8 )
I t  i s  s e e n  i n  T a b l e s  VI and V I I  t h a t  a s s i g n m e n t s  o f  t h e  U-Cl
f r e q u e n c i e s  i n  t h e s e  new compounds a r e  i n  good a g r e e m e n t  w i t h  a s s i g n ­
m e n ts  p r e v i o u s l y  m ade .  T h e  p r e s e n c e  o f  more  t h a n  one  U-Cl  f r e q u e n c y  
i n d i c a t e s  t h a t  t h e  u r a n i u m - c h l o r i n e  b o n d s  a r e  n o t  a l l  e q u i v a l e n t .
T h i s  would  c o n f i r m  s t a t e m e n t s  made e a r l i e r  t h a t  t h e  compounds h a v e  
C iV o r  lo w er  sy m m e try .
The U-P f r e q u e n c i e s  h a v e  b e e n  a s s i g n e d  f o r  UCls*Ph3 P and 
UCl3 * d i p h c s .  I n  UCl5 *Ph3P t h e  U-P f r e q u e n c y  i s  a t  2 6 5  cm' 1 and  i n  
U C l ^ ' d i p h ' . s  t h e  U-P f r e q u e n c y  i s  a t  272 c m '1 . T h e s e  a s s i g n m e n t s  
g i v e  d i r e c t  e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  t h e  U-P b a n d .  S i n c e  no
a s s i g n m e n t s  h a v e  p r e v i o u s l y  b e e n  made f o r  U-P b a n d s  no v a l u e s  a r e
a v a i l a b l e  f o r  o j m p a r i s c n .
T h e  a s s i g n m e n  : ■ f  t h e  U-N f r e q u e n c y  h a s  b e e n  made f o r  
[UCl4 d i p y ] C l  and  UCl- *lC&H7N0. I n  [UCl4 d i p y ] C l  t h e  ban d  a t  U9 2  cm- 1  
i s  a s s i g n e d  a s  t h e  U-N f r e q u e n c y  and i n  UCl^*UCsHt-N0 t h e  ban d  a t  
507 tm *1 i s  g i v e n  t h i s  a s s i g n m e n t .  T h e s e  a s s i g n m e n t s  c a n  be  
c o m p a r e d  w i t h  > t h e r  m e t a l - n i t r o g e n  ben d  f r e q u e n c i e s .  P o w d l  and 
S h e p h a rd  ( H 9 ) r e p o r t  t h e  M-N s t r e t c h i n g  f r e q u e n c y  a s  5 2 2  cm' 1  i n  
[Co(NH3 ) e 3 C l3 ,  h 9 3  c m ' 1 i n  [Co(NH3 ) 5 C l ' ] C l2 , U9 8  cm- 1  i n  
Pd(NH3 )4 C l 2 *H2 0  and  5H  cm*1 i n  [Pt.(NH3 ) 4  3C l2 .
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I n  UCI5  'UCsH^-NO i t  i s  e x p e c t e d  t h a t  t h e  U-0 bond formed w i l l  
be  a  r a t h e r  weak bond b e c a u s e  i t  m us t  be  presumed t h a t  t h e  H o f  t h e  OH 
g ro u p  i s  s t i l l  bonded t o  t h e  o x y g e n .  A band  a t  1*00 cm- 1  i s  a s s i g n e d  
a s  t h e  U-0 f r e q u e n c y  f o r  t h i s  compound. I n  UCl4 *T*Ulfr i t  would be 
e x p e c t e d  t h a t  t h e  U-0 bond would  b e  a  s t r o n g e r  b o n d .  Only  one  s t r o n g  
band and one  v ^ r y  weak band  a r e  found  f o r  t h i s  complex  b e tw ee n  6 0 0  and 
30C cm- 1 . I t  a p p e a r s  t h a t  t h e r e  h a s  b e e n  a  s h i f t i n g  o f  t h e  l i g a n d  
b an d s  so t h a t  t h e  f r e q u e n c i e s  o v e r l a p  i n  t h e  s t r o n g  b r e a d  band 
c a n t e r e d  a t  r/ b  cm*1 , The U-0  f r e q u e n c y  i s  a l s o  c o n s i d e r e d  t o  be  
i n c l u d e d  i n  t h i s  band a t  j C y  om~“ , The U-0  f r e q u e n c y  i n  U C ls ’TCAC 
h a s  b e en  t e n t a t i v e l y  a s s i g n e d  a s  ^50  cm- 1 . ( 9 8 ) I t  would t h e r e f o r e  
seem r e a s o n a b l e  t h a t  i n  UC14 T*1+H1‘ t h e  U-0  f r e q u e n c y  would be  a t  
5 0 S cm- - .
D. E l e c t r o n i c  S p e c t r a
The. e l e c t r o n i c  a b s o r p t i o n  s p e c t r a  o f  t h e  i n n e r - t r a n s i  t i o n  
e l e m e n t s ,  t h e  l a n t h a n i d e s  and a c t i n i d e s ,  a r e  t h e  r e s u l t  o f  a b s o r p t i o n  
c f  e n e r g y  d u r i n g  f - f  t r a n s i t i o n s .  The s p e c t r a  o f  t h e s e  e l e m e n t s  p r e ­
s e n t  q u i t e  a  c - n t r a s t  t o  t h e  e l e c t r o n i c  s p e c t r a  o b s e r v e d  f o r  t h e  
t r a n s i t i o n  e l e m e n t s  w h ich  r e s u l t  from d - d  t r a n s i t i o n s *  The e l e c t r o n i c  
a b s o r p t i c n  s p e c t r a  o f  t h e  t r a n s i t i o n  e l e m e n t s  a r e  composed o f  b ro a d  
b an d s  w h e re a s  t h e  s p e c t r a  o b t a i n e d  f. r  t h e  l a n t h a n i d e s  and a c t i n i d e s  
e x h i b i t  v e r y  s h a r p ,  n a r ro w  a b s o r p t i o n  b a n d s .  The d i f f e r e n c e  i n  t h e  
s p e c t r a  o b t a i n e d  i s  t h e  r e s u l t  o f  more  e f f i c i e n t  s h i e l d i n g  o f  t h e  
f  e l e c t r o n s  by t h e  s and p e l e c t r o n s  o f  t h e  n e x t  o u t e r  s h e l l .  As a  
r e s u l t  o f  th-y more  e f f i c i e n t  s h i e l d i n g  o f  t h e  f  o r b i t a l s  t h e y  a r e  l e s s
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p e r t u r b e d  by  e x t e r n a l  f i e l d s  and  t h e  s p l i t t i n g  o f  t h e  e n e r g y  l e v e l s  
t s  o f  s m a l l  m a g n i t u d e  com pared  t o  t h a t  o b s e r v e d  f o r  t h e  d e l e c t r o n  
l e v e l s .  A d i f f e r e n c e  i n  t h e  s h i e l d i n g  o f  t h e  h £  and 5 f  l e v e l s  i s  
r e s p o n s i b l e  f o r  a d i f f e r e n c e  i n  t h e  i n t e n s i t y  o f  t h e  s p e c t r a  f o r  t h e  
l a n t h a n i d e s  and  a c t i n i d e s .  B e c a u s e  t h e  >̂£ o r b i t a l s  h a v e  g r e a t e r  
s p a t i a l  e x t e n s i o n  r e l a t i v e  t o  t h e  6 s a n d  6 p o r b i t a l s  t h a n  t h e  *+f 
c r b i t a i s  r e l a t i v e  t o  t h e  and  5 p» t h e  5 f  o r b i t a l s  a r e  more  a f f e c t e d  
by  l i g a n d  f i e l d s .  Thus  i t  i s  iVund t h a t  g e n e r a l l y  t h e  i n t e n s i t y  o f  
a b s o r p t i i  n b a n d s  f o r  S f  e l e c t r o n  t r a n s i t i o n s  i s  a b o u t  t e n  t i m e s  
g r e a t e r  t h a n  t h a t  o b s e r v e d  f o r  ^ f  e l e c t r o n  t r a n s i t i o n s .  A l s o  t h e  
b a n d s  o f  5 f  t r a n s i t i o n s  a r e  g e n e r a l l y  somewhat b r o a d e r  t h a n  t h o s e  
f o r  1+f t r a n s i t i o n s .
The  f - f  t r a n s i t i o n s  a r e  La P o r t e  f o r b i d d e n  b u t  d u e  t o  
v a r i o u s  m ech an ism s  w h ic h  r e s u l t  f ro m  e x t e r n a l  f i e l d s  and  c o n f i g u r a ­
t i o n  i n t e r a c t i o n s  t h e  t r a n s i t i o n s  do  o c c u r .  The 5( 1  e l e c t r o n i c  
c o n f i g u r a t i o n  g e n e r a t e s  o n l y  t h e  ^ F ^ / a ^ T / 2  t e r m  l e v e l  w h ic h  i s  s p l i t  
by s p i n - o r b i t  c o u p l i n g  i n t o  two l e v e l s .  The s t a t e  w i t h  t h e
o
lo w e r  J  v a l u e  w i l l  be  t h e  l o w e r  e n e r g y  l e v e l  and  j 2  w i l l  be  t h e  
e-w c i t e d  s t a t e .  A s i n g l e  t r a n s i t i o n  T V / 2 " - ^  5  w ou ld  b e  p r e d i c t e d
f o r  t h e   ̂ - f a  f i e l d  f r e e  i< n S f  e l e c t r o n .  The p r e s e n c e  o f  a  
■ c r y s t a l  f i e l d  w i l l  c a u s e  f u r t h e r  s p l i t t i n g  o f  t h e  e i g h t - f o l d  
d e g e n e r a t e  a n ^ s i x - f o l d  d e g e n e r a t e  l e v e l s ,  S p i n -
o r b i t  c o u p l i n g ,  c r y s t a l  f i e l d  and e l e c t r o n - e l e c t r o n  r e p u l s i o n  
e f f e c t s  a r e  t f  a p p r o x i m a t e l y  t h e  same c r d e r  o f  m a g n i t u d e  i n  
a c t i n i d e  i c n s .  F o r  t h e  f  1  s y s t e m  o n l y  t h e  two f a c t o r s ,  s p i n -  
o r b i t  ■ u p l i n g  and c r y s t a l  f i e l d  i n t e r a c t i o n s ,  w i l l  b e  e f f e c t i v e .
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The e l e c t r o n i c  s p e z t r a  o f  a  few compounds o f  P a ( lV )  and 
N p ( V l ) , w h ich  a r e  i s o e l e c t r c n i c  w i t h  U(V') b u t  a r e  much more s t a b l e ,  
h a v e  b e en  o b s e r v e d  and i n t e r p r e t e d . ( 1 0 0 ,  1 0 1 ,  1 2 0 - 1 2 3 )
M( C lynn  and S m i th ( l2 U )  h ave  c a l c u l a t e d  t h e  *- 5
2  2
t r a n s i t i o n  i n  U02+  t o  be a t  € ' { ^ 2  cm*1 , and t h i s  a g r e e s  w i t h  o b s e r v e d  
t r a n s i t i o n s  o b t a i n e d  a f t e r  t h e i r  c a l c u l a t i o n s  had  b e en  r e p o r t e d .
The s p e c t r a  o f  some U(v) compounds h a v e  b e e n  s t u d i e d  and 
t h e  band  a s s i g n m e n t s  l a v e  b e e n  m a d e . ( 5 ,  5 0 ,  9 8 > 1 0 ^ - 1 0 6 )  The t h e o r y  
w hich  h a s  b e en  d e v e l o p e d  i n  t h e s e  s t u d i e s  o f  5 f 1 s y s t e m s  i s  r e v ie w e d
b e lo w .  The s p l i t t i n g  o f  t h e  d e g e n e r a t e  ^ s f z  an<* ^ V / 2  l feVel s  w hich
w i l l  o c c u r  i n  an o c t a h e d r a l  f i e l d  ran  be d e t e r m i n e d  by t h e  u s e  o f  
g ro u p  t h e o r y .  The " d o u b l e  g r o u p "  r e p r e s e n t a t i o n  0^ 1 f o r  o c t a h e d r a l  
symmetry  i s  r e q u i r e d  b e c a u s e  J  i s  h a l f - i n t e g r a l  f o r  t h e  two s t a t e s  
o f  t h e  s y s t e m .  The c h a r a c t e r s  o f  t h e  new o p e r a t i o n s  a r e  o b t a i n e d
f o r  t h e  r e d u c i b l e  r e p r e s e n t a t i o n s  T ^ j s .  I"V/a. The i r r e d u c i b l e  
r e p r e s e n t a t i o n s  w h ich  b e l o n g  to  t h e s e  r e d u c i b l e  r e p r e s e n t a t i o n s  a r e  
th e n  d e t e r m i n e d .  The. i r r e d u c i b l e  s t a t e s  w i l l  be  t h e  l e v e l s  which  
w i l l  r e s u l t  f rom  t h e  s p l i t t i n g  o f  b o t h  5 / s  and - r f z  i n  a f i e l d  
c f  o c t a h e d r a l  sym m etry ,  Tv.e l e v e l s  o b t a i n e d  a r e
r  / -  r  + r*5 f 2 l Y 0
r  / -* r  +  r  7 +  r  '
l7/2 l e 7  0
The o r d e r i n g  o f  t h e  r e s u l t i n g  l e v e l s  h a s  b e e n  o b t a i n e d  by  s o l v i n g
t h e  a p p r o p r i a t e  wave f u n c t i o n s .  C a l c u l a t i o n s  by  G c o d m an ( l2 l )  f o r
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t h e  Np(Vl)  5 f 1 s y s t e m  y i e l d e d  t h e  r e l a t i v e  o r d e r i n g  o f  t h e  e n e r g y  
l e v e l s  w h ic h  i s  shown i n  F i g u r e  X V I I I .
A d i a g r a m  w hich  shows t h e  e f f e c t s  o f  a  c r y s t a l  f i e l d  on 
t h e  f r e e  ^ f 1 i o n  was p r e p a r e d  by G ocd iu an ( l2 l )  and  i s  r e p r o d u c e d  i n  
F i g u r e  XIX. The d i a g r a m  shows t h e  e f f e c t  on t h e  e n e r g y  l e v e l s  o f  
g o i n g  f rom  a f r e e  i o n  (n o  f i e l d )  i n  w h ic h  j - j  c o u p l i n g  i s  more  a p p r o ­
p r i a t e  t o  a s t r o n g  f i e l d  w here  I - s  c o u p l i n g  i s  o p e r a t i v e .  The r e l a t i v e  
a r r a n g e m e n t  o f  t h e  e n e r g y  l e v e l s  f o r  5 f  e l e c t r o n s  w i l l  g e n e r a l l y  be  a s  
i n d i c a t e d  f o r  t h e  i n t e r m e d i a t e  c o u p l i n g  c a s e .
As a r e s u l t  o f  t h e  s p l i t t i n g  o f  t h e  l e v e l s  a s  shown a b o v e , 
f o u r  t r a n s i t i o n s  would  be  p o s s i b l e  f o r  t h e  5f  e l e c t r o n  o f  U(v) in  
0^  sym m etry .  The f o u r  t r a n s i t i o n s  e x p e c t e d  a r e  a s  f o l l o w s :
r  -  r  , r  -  r  r * * r  * and r  “* r  • E x p e r i m e n t a l  o b s e r v a t i o n  o f
7 B 7 7 7 8 7 6
U(V) s p e c t r a  shew n e t  ^ b an d s  b u t  r a t h e r  f o u r  g r o u p s  o f  b a n d s .
The s p l i t t i n g  o f  t h e  f o u r  b an d s  h a s  b e e n  e x p l a i n e d  a s  a r i s i n g  m a in ly  
f rom  v i b r o n i c  t r a n s i t i o n s .
A u r a n i u m ( v )  m o l e c u l e  w h ich  h a s  o c t a h e d r a l  symmetry w i l l  
have  t h e  f o l l o w i n g  no rm a l  modes c f  v i b r a t i o n :  i n f r a r e d  a c t i v e ,
2 T l u  ( v 3 and u * ) ;  Raman a c t i v e ,  A i g ( v i ) ,  E i g ( v ^ K  T 2 g  ( v s ) i  
i n a c t i v e ,  T ^  ( v e )>
Thr. r e t i c a l  p r e d i c t i o n s  which  w i l l  be  o f  i m p o r t a n c e  i n  
c o n s i d e r a t i o n  o f  t h e  s p e c t r a  o f  U ( v )  compounds h a v e  b e e n  summarized 
(f?8) from t h e  work  o f  v a r i o u s  a u t h o r s . ( 5 .  1 2 3 , 1 2 5 )
The d o u b l e t  l e v e l s  ( r  » T r O  * w h ich  a r i s e  f rom  K r a m e r ' s
7 7 6
d e g e n e r a c y ,  a r e  p r e d i c t e d  t o  be  s t a b i l i z e d  by s p i n - o r b i t  c o u p l i n g  
and n o t  a f f e c t e d  by J a h n - T e l l e r  d l s t o r t a t l o n s .
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FIGURE X V II I
E n e rg y  L e v e l  D ia g ra m  o f  ' y f 1 S y s tem  




F i e l d  E f f e c t s  on  t h n  E n e r g y  L e v e l s  o f  
a  5 f  E l e c t r o n
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F c r  t h e  q u a d r u p l y  d e g e n e r a t e  T l e v e l s  J a h n - T e l l e r  d i s t o r -
s
t l o n s  w i l l  b e  s i g n i f i c a n t .  I t  i s  p r e d i c t e d  t h a t  t h e s e  l e v e l s  w i l l
s p l i t  i n t o  two l e v e l s  when d i s t o r t i o n  o f  t h e  o c t a h e d r o n  o c c u r s .  On
t h e  b a s i s  o f  r o u g h  c a l c u l a t i o n s  E i s e n s t e i n  and P r y e e ( l 2 3 )  e x p e c t  t h e
s p l i t t i n g  t o  be  o f  c o n s i d e r a b l e  m a g n i t u d e .  The T l e v e l s  may a l s o8
i n t e r a c t  w i t h  v i b r a t i o n a l  modes t o  p r o d u c e  w eak ,  b r o a d  b a n d s .
V i b r a t i o n a l  s e l e c t i o n  r u l e s  I n d i c a t e  t h a t  t h e  t o t a l l y
s y r m i e t r i c  v i b r a t i o n a l  mode A i g c a n  c o u p l e  w i t h  e l e c t r o n i c  t r a n s i t i o n s
to  p r o d u c e  b a n d s  o f  g r e a t l y  d i m i n i s h e d  i n t e n s i t y .
I t  i s  p r e d i c t e d  t h a t  t h e  odd v i b r a t i o n a l  modes w i l l  c o u p l e
m ost  s t r o n g l y  w i t h  t h e  e l e c t r o n i c  t r a n s i t i o n s .
F o r  a  CHO t r a n s i t i o n  o f  f r e q u e n c y  vo and  v i b r a t i o n a l
f r e q u e n c y  v ,  b a n d s  o f  f r e q u e n c y  ( +  v)  and ( Vq - v) a r e  e x p e c t e d
v v/kT
whose  i n t e n s i t i e s  a r e  a p p r o x i m a t e l y  i n  t h e  r a t i o  o f  : 1 .
The t h e o r e t i c a l  model  d e v e l o p e d  f o r  t h e  s y s t e m  i n  an
o c t a h e d r a l  f i e l d  c a n n o t ,  o f  c o u r s e ,  be  u s e d  f o r  a d e t a i l e d  i n t e r ­
p r e t a t i o n  o f  t h e  s p e c t r a  o f  t h e s e  compounds b e c a u s e  some o f  t h e  
i m p o r t a n t  f a c t o r s  a ssum ed  f o r  t h e  c a l c u l a t i o n s  s i m p l y  do n o t  a p p l y  
t o  t h e s e  com pounds .  F o r  example. ,  t h e  c r y s t a l  f i e l d  c a l c u l a t i o n s  
e x c l u d e  t h e  p o s s i b i l i t y  o f  c o v a l e n t  b o n d i n g .  I n  t h e s e  c o o r d i n a t i o n  
compounds c o v a l e n t  b e n d i n g  i s ,  o f  c o u r s e ,  v e r y  s i g n i f i c a n t  i n  t h e  
b o n d i n g  o f  t h e  compound. F u r t h e r m o r e ,  t h e  symmetry  o f  t h e s e  new 
compounds i s  n o t  t h e  p e r f e c t  o c t a h e d r a l  symmetry  assumed i n  t h e  
m o d e l .  I t  i s  l i k e l y  t h a t  t h e  symmetry  o f  U C l s ’ FhsP  and  UCls * d ip h o s  
i s  c l o s e  t o  C^v « nd a  l o w e r  s y m n e t r y  i s  v e r y  p r o b a b l e  f o r  t h e  o t h e r
100
com pounds .  A d d i t i o n a l l y ,  t h e  m ode l  f o r  t h e  5 f L s y s t e m  i s  b a s e d  on  
a  c o o r d i n a t i o n  number o f  s i x .  Some o f  t h e  new compounds  a p p e a r  t o  
e x h i b i t  c o o r d i n a t i o n  number  o f  s i x  b u t  o t h e r s  a p p e a r  t o  show h i g h e r  
c o o r d i n a t i o n  numbers  o f  s e v e n ,  n i n e  and  p o s s i b l y  e v e n  t e n .  D e s p i t e  
t h e s e  d e v i a t i o n s  f rom  t h e  c o n d i t i o n s  w h ic h  w e re  u s e d  t o  d e d u c e  t h e  
model  f o r  t h e  5 f 1 s y s t e m  i t  d o e s  seem p o s s i b l e  t o  u s e  some o f  t h e  
i d e a s  o f  t h e  m ode l  t o  u n d e r s t a n d  t h e  com p lex  s p e c t r a  o b t a i n e d  f o r  
t h e s e  new com pounds .
The e l e c t r o n i c  s p e c t r a  a r e  shown i n  F i g u r e s  XX t o  XXIX
and t h e  a b s o r p t i o n  b a n d s  a r e  g i v e n  i n  T a b l e s  V I I I  and IX .  The
a b s o r p t i o n  b a n d s  have, b e e n  a s s i g n e d  t o  t h e  f o u r  p r e d i c t e d
o c t a h e d r a l  t r a n s i t i o n s :  r  T , T - * r  T - * r  T “• T « I t  i s
t b t t  r e  r e
n o t e d  t h a t  v e r y  l a r g e  numbers  o f  b a n d s  o c c u r  f o r  some t r a n s i t i o n s .
The  s p e c t r a  o f  UCl5 *Ph3 P ,  (UCl5+Ph3 S b ) , and [Ua C l g ( P h :jB i )  ]C1
a r e  v e r y  s i m i l a r .  The s p e c t r u m  o f  UCl5 * d ip h o s  e x h i b i t s  c o n s i d e r a b l y  
more s p l i t t i n g  t h a n  t h e  above  compounds  and  t h e  u n s y m m e t r i c a l  
com plex  [U ^ClyCPhaAs)^Cl  shews e v e n  more  s p l i t t i n g  o f  t h e  a b s o r p ­
t i o n  b a n d s .
The two compounds c o n t a i n i n g  8 - h y d r o x y q u i n o l i n e ,
UC13 *2CeByN0 and  UC13 s how l e s s  I n t e n s e  a b s o r p t i o n  t h a n  
t h e  o t h e r  c o m p o u n d s . I t  h a s  b e e n  fo u n d  t h a t  UC13 •l+Csttp-NO h a s  an 
u n u s u a l l y  h i g h  8 a v e » 2 . 2 8 6 , and a  h i g h  m a g n e t i c  moment ,  "
2 , ^ 8  BM* The u n u s u a l  b e h a v i o r  o f  t h i s  compound i s  n o t  c l e a r l y  
u n d e r s t o o d  and  f u r t h e r  s t u d i e s  on  i t .  a r e  s u r e l y  i n  o r d e r .
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FIGURE XX
E l e c t r o n i c  Spectrum o f
i n  N u j e l  Mull  a t
[UCl4d i p y ] C l
77°K .




E l e c t r o n i c  Spectrum o f  UCl5 *Fh3 P in
N u jo l  Mull a t  77°K.




E l e c t r o n i c  Spectrum
N u jo t  Mu LI
XXII
o f  U C l s ‘d i p h o s  i n
a t  77° K.
1225 195 16 6.08.0 44.89.6
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FIGURE XXIII
E l e c t r o n i c  S p e c t r u m  o f  UCls ‘d i p h o s  
N i t r o m e th a n e  S o l u t i o n  a t  298°K.
825 195 16 612
WAVENUMBERS x 1 0 '3
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FIGURE XXIV
E l e c t r o n i c  Spectrum o f  [U^ClsfPhaAs )]C1 in
Nujol  Mall  a t  77° K.
C-Ot X SUffiWnNSAVM
Br  0 9 OB 96 Z i  91 561 SZ
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FIGURE XXV
E l e c t r o n i c  Spectrum o f  [ U ^ C l s t F h s B i J j c i
i n  N u j o l  Mull  a t  77°K.
6.0 4.B195
WAVENUMKRS « W J
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FIGURE XXVI
E l e c t r o n i c  Spectrum o f  UCl4 T*UHT in





E l e c t r o n i c  Spectrum o f  UCls'fiCgHyNO




E l e c t r o n i c  Spectrum  o f  U C ls '^ e l^ N O  In












E l e c t r o n i c  Spectrum  o f  (UClg+Ph3Sb )
in  N u jo l  M ull a t  77°K.
19.5 8.096 6.0
WAVENUMBERS x 10‘ 3
TABLE VIII
VISIBLE AND NEAR-INFRARED ABSORPTION BANDS ( c m '1 ) OF URANIUM(v) COMPOUNDS 
WITH PHOSPHOROUS, ARSENIC, ANTIMONY AND BISMUTH DONOR LIGANDS8
UCl5 *Ph3P UCI5 ’ d ip h o s UCI5 • d ip h o s ^ CU2C l8 (P h3A s ) ] C l UCl5+Ph3 Sb [U2C l9 {Ph3B i ) ] C I  A s s ig n m e n ts
1*0,316 L
( 3 5 ,7 1 1 0
3 3 ,0 5 b  s
3 1 ,1 5 3  s
( 2 6 A 90 ) 2 5 ,8 0 7  s 
2 2 ,1+22 s  
22 , 11*9 m
23,175 s
( 21 , 831*)
( 2 1 , 622)
( 21 , 322)
( 20 , 838 ) 20,920  w 2 0 ,71*7 S r  -  r
( 1 9 , 960 ) 2 0 ,3 2 5  w ( 20 , 1*92 ) 7 6
( 1 8 , 5 5 3 ) 20 , 01*0 s
( 1 7 , 9 2 2 ) 1 9 , 5 3 1  w
( 1 7 , 0 9 6 ) ( 1 8 , 8 1 5 )
16,807  w 1 8 ,5 8 7  s (18,1+50)
( 1 5 , 8 7 3 ) 18 ,182  w 1 8 ,2 1 5  w 18,11*9 s
(15,21*1) 1 7 ,9 3 7  a
( 11* .9 2 6 )




( 1 6 , 8 9 2 )
( 1 7 , 3 0 1 )  
1 7 ,0 3 6  s 
( I 6 , b 6 7 )  
16,129  s
1 6 , 7 5 1  s 1 5 ,9 2 7  m ( 1 5 , 5 7 6 ) ( 1 5 , 5 7 6 ) ( 1 5 , 936)
( 1 5 , 886 ) 1 5 ,7 9 8  w ( 1 5 , 2 6 7 ) 1 5 ,1 9 8  s 15,267  S
1 5 , 7 3 6  a (15  Mh ) 15,21*1* B (15,171+)
( 1 5 A 5 6 ) 15,31*9 s ( 11* ,8 8 1 )
15 ,3H *  m (15,21*1*) H+,857 s
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Table V III c o n t .
UC'L.-*PhpP UC1L; * d ip h cs U C l - M i p r - . ^ [ U ^ l y f P h ^ s ^ C l UClrr+Ph^Sb [U2C i9 (P h3B i) ]C 1  A s s ig n m e n ts
I S ,1 7 1  m 
( 1 5 : 0 1 5 )  
1 4 ,9 2 5  w
1 ; . 1 8 6  m 
1 5 ,0 1 5  s  
1 4 ,916  m 
1 4 , 3 0 2  w 
. . _1’̂ 6 6 3 _ w
( 1 2 , 9 3 7 )  
1 2 ,2 2 5  m
1 2 ,9 2 8  m
1 2 ,1 9 4  m
1 3 : 9 5 2  D 
1 2 ,1 9 5  w ( 1 2 , 837 )
( I V , 4 9 3 )
( 1 3 , 518)
1 2 , 7 3 9  m 1 2 , 4 4 6  m
( 1 2 , ^ 3 )
12,210  s 
(1 2 ,106)
( 1 1 , 4 4 2 ) 11 ,186  m 11,834  w
H.35O m
11,710  v  
1 1 , 4 2 8  s
1 0 .5 5 4  m 1 0 ,7 0 6  w 
10,030  m
( 1 0 , 6 8 4 )
( 1 0 , 5 1 5 )
1 0 , 7 5 3  w 10,712  to
( 9 , 5 2 4 ) ( 1 0 , 4 3 8 )
9,200  s 1 0 , 1 5 3  w 1 0 , 3 7 3  s 
( 1 0 , 2 6 7 )
( 9 , 066 ) 1 0 . 1 2 9  m 1 0 , 1 4 2  m
( 8 , 9 2 9 ) ( 9 , 6 7 1 ) 9 , 7 0 9  D ( 9 , 5 3 3 ) ( 9 , 6 1 5 ) ( 9 , 4 5 2 )
9 ,5 7 4  m ( 9 , 5 0 6 ) 9 , 2 5 9  s 9,238  s C - r '
( 9 , 4 4 3 ) 9 , 3 6 3  s
7  8
9 , 1 7 4  s 9 ,281  s 9 , 1 8 7  s
8 , 8 7 9  » 9 , 1 0 7  s ( 9 , 0 0 9 ) ( 9 , 0 5 8 )
( 8 , 6 4 0 ) ( 9 , 0 5 8 )
( 8 : 5 4 7 ) 8 , 9 9 3  s
8 ,163  ™ ( 8 , 8 9 7 )  
8 , 8 0 3  s
( 6 , 1 7 7 ) 8 , 2 3 0  X
7 , 2 7 3  s ( 7 , 5 9 9 ) ( 7 , 9 3 6 ) ( 7 , 9 6 8 )
( 6 , 6 4 4 ) ( 7 , 4 6 3 ) ( 7 , 2 9 9 ) ( 7 , 3 8 0 ) 112
Table VIII cone.
U C U * P h 3 P UCl5 *diphos UGI5  •diphos*1 [ U ^ C l g ( P h 3 A s ) ] C l UCl5 +Ph3Sb [U2 Clg(Ph3 Bi)]C1 Assignments
7 , 1 0 8  m 7,361 m
7,225 x 7,218 m 7,225 x 7 , 2 1 0  m 7 , 2 6 0  m
6,798 7 , 0 8 0  s 6,963 m C 7,018) ( 7 , 2 3 1 ) r - r '
6,365 w 6 , 9 8 6  w 6 , 6 5 6  s ( 6,611) 7  7
6,289 s ( 6 , 3 6 9 ) ( 6 ,0 3 1 )
6,177 m C 6 , 2 5 0 )
6 , o i o  «
5 .7 9 7  x
5,626  m 5 ,9 0 7  X 5 ,7 9 7  x
6,006  X ( 5 , 8 9 3 ) 5 ,5 9 0  m 5 ,7 8 0  X 5 ,7 0 1  x
5 ,7 9 7  x ( 5 , 862) 5 ,5 7 1  m ( 5 , 155 ) ( 5 , 2 5 6 )
5,682  x 5 ,7 9 7  x 5 ,2 T 7  w 1 ,762  w ( 1 , 8 7 8 )
5 ,6 8 5  x 5 ,0 8 8  v 5 ,0 2 5  s ( 1 , 693) 1,760  w
5,089  w 5 ,0 9 3  s 5 , 0 3 2  s 1 , 7 9 6  m 1 ,5 7 1  X 1 ,651  W
5 ,0 2 0  m 5 ,0 1 8  s 1 , 6 3 0  s 1 ,5 3 5  x 1 , 5 1 3  X
( ^ ,9 1 9 ) 1 , 5 1 0  X 1 ,1 0 5  X 1 , 3 9 8  X
1 , 7 6 8  X 1 , 1 0 0  x 1,331  X 1 , 3 1 2  X r» 1 —
I
1
1 ,563  W 1 , 3 2 9  x 1 ,2 6 1  X 1 , 2 6 0  X 7 a
* 0 9 3  x 1 , 2 5 3  x 1,065  X 1 , 0 7 2  X
1 , 3 3 1  x 1,065  X
1,258  X
1 , 1 6 8  x
1 , 0 6 1  x
g
Bands marked w i t h  an x  a r e  due t o  l i g a n d  or N u jo l  a b s o r p t i o n .
D ata  f o r  a room te m p e r a tu r e  sp ec tru m  o f  a n i tr o m e th a n e  s o l u t i o n  o f  UCl5 * d ip h o s .  A l l  o t h e r  
d a t a  a r e  from s p e c t r a  o b t a in e d  a t  77°K  u s i n g  N u jo l  m u l l s  o f  t h e  com pounds.
n i+
TABLE IX
VISIBLE AMD NEAR-INFRARED ABSORPTION BANDS (cm- 1 ) OF URANIUMf 
COMPOUNDS WITH OXYGEN AND NITROGEN DONOR LIGANDS8
UC1 4 T . 1+HT U C l^ ’ OCaHyNO U C I5 'l+CvjH^NO [U C U dipy - jC l A s s i g n m e n t s
( 114, 1+0 9 )
( 1 3 ,8 6 9 )
( 1 3 ^ 2 3 )
( 1 3 ,3 3 3 )
( I 3 , l ^ c )
( 1 2 , 8 2 0 )
( 1 2 ,5 6 3 )
(12,0!*8)
( 1 1 , 831+)
( 1 0 , 51+8 )
(.12,598)
Bands
c o v e r e d
by
i n t e n s e
a b so r p t io n
1 9 , 5 1 2  8 
( 1 9 ,3 7 9 )  
(17,21+1) 
1 7 ,0 2 1  s
1 6 ,7 5 0  in 
15,71+8 w 
1 5 ,3 2 6  m 
11+ ,793 s 
ll+ , 5 8 8  s
r - r
7 0
( 9 , 0 7 0 )
8 ,3 3 3  s 
( 8 , 0 9 7 )
( 8 ,9 1 3 )
( 9 , f i 9 0
( 8 ,9 0 9 )
1 2 ,9 8 7  w
1 1 ,9 0 5  m
1 1 ,1+91+ w 
1 1 ,2 5 6  w
1 0 ,7 0 7  s 
(1 0 , 1+2 8 ) 
( 1 0 ,5 0 9 )  
1 0 ,0 0 5  W
r  -* r  '
7 a
( 7 , 9 8 1 )  
7 , 9 3 6  m 
7 , 8 5 1  m 
7 ,7 3 7  m
( 7,1+68) 
7 ,3 2 6  8 
( 7,21+6)
7 ,0 6 0  m
6 , 91+1+
7 , 9 7 1  s
7 ,2 2 5  x
7 , 9 3 6  X 
7 ,2 2 5  x
( 9 , 56 9 ) 
9 ,5 0 2  m 
9,11+1 8 
9 ,0 0 1  s 
8 ,7 9 1  8
8 ,6 0 2  m
8,1+39 s 
8 ,3 2 6  8 
( 8 , n i l )  
7 , 9 3 6  w 
7 ,2 2 5  x
r  -  r  '7  7
6,711) " ( ' Z . W T '  ' 6,&97 w
6 , 61+1+ in 6 ,803  m
6 ,5 3 6  8 6,751+ s 6,667 x 6,711 s
6 , 369 ) ( 6 ,382)
6 ,281) 6 , 0 0 2  x 6 ,0 0 6  X 6 ,2 7 8  8
5 ,8 0 5  x 5 ,7 9 7  x 6 ,1 7 3  8
3 , 97l+ x 5 , 671+ x 5 ,6 9 5  x ( 6,01+2)
5 ,181+ x 5 ,1 5 5  x 5 ,1 6 1  x 5,865 m
T a b l e  IX c o n t .
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UCIVT-Uht UC15 *2C9 IVN0 U C ls ’VCsBrNO [UCl4 dipy~jCl Assignments
4 ,762 X 4 ,891 x C 4 , 9 8 1 ) ( 5 ,7 8 0 )
4 ,  545 x 4 ,7 5 5  x 4 ,7 5 9  x 5 ,0 5 8  m
4 ,4 0 0  w 4 , 624 x ( 4 ,6 8 6 )
4 ,2 3 7  x 4 ,4 0 0  x 4 ,440 x 4 ,7 5 0  x r  -  r
4 , 264 X 4 ,5 5 1  x 4 , 5 5 1  x 4 ,5 1 5  x 7  R
4 ,0 5 7  x 4 ,2 6 0  X 4 ,260 x 4 ,5 9 6  X
4 ,065 x 4 ,3 5 8  X
4 ,2 5 5  x
4 , 0 2 6  X
£
Bands m arked  w i t h  a n  x  a r e  d u e  to  l i g a n d  o r  N u j c l  a b s o r p t i o n .
11/:
T h e  t r o p o l o n e  c o m p le x ,  a ssumed t o  be  t e n  c o o r d i n a t e ,  shows
a s p e c t r u m  somewhat  d i f f e r e n t  f ro m  t h e  o t h e r  com pounds .  A d i s t i n c t
d i f f e r e n c e  i s  n o t e d  I n  t h e  i n t e n s i t y ,  s h a p e  and s p l i t t i n g  o f  t h e
a b s o r p t i o n  band f o r  t h e  r  “* T t r a n s i t i o n .  The o t h e r  b a n d s  a l s o  show
7  b
d i f f e r e n c e s  when com pared  t o  t h e  o t h e r  com pounds .
C o m par ing  t h e  compounds c o n t a i n i n g  oxygen  and n i t r o g e n  d o n o r
atoms w i t h  t h e  compounds c o n t a i n i n g  p h o s p h o r o u s ,  a r s e n i c ,  a n t i m o n y  and
b i s m u t h  d o n o r s  a to m s  i t  i s  n o t e d  t h a t  t h e  T ■* T t r a n s i t i o n  o c c u r s  a t
7  e
~  1 0 0 0  cm-1 h i g h e r  e n e r g y  f o r  t h e  o x y g e n  and n i t r o g e n  d o n o r  com pounds .
The o t h e r  t r a n s i t i o n s  a r e  a l s o  fo und  a t  h i g h e r  e n e r g i e s  f o r  t h e  oxygen
and n i t r o g e n  d o n o r  com pounds .  T h e s e  d i f f e r e n c e s  u n d o u b t e d l y  r e f l e c t
t h e  d i f f e r e n c e s  i n  l i g a n d  f i e l d  s t r e n g t h  o f  t h e  v a r i o u s  d o n o r  a t o m s .
U s i n g  t h e  J o r g e n s e n  i d e a  o f  a v e r a g e  l i g a n d  f i e l d  s t r e n g t h ,
i t  i s  o f  i n t e r e s t  t o  t r y  t o  a r r a n g e  t h e  l i g a n d s  i n  a s p e c t r e  c h e m i c a l
s e r i e s .  The c a l c u l a t i o n s  a r e  b a s e d  on  t h e  0 * 0  t r a n s i t i o n  f o r  t h e
r  r  / t r a n s i t i o n  w h ic h  i s  p r e d i c t e d  t o  be  s t a b i l i z e d  by s p i n  o r b i t  
7  T
c o u p l i n g  and  i s  n o t  e x p e c t e d  t o  be  a f f e c t e d  by  J a h n - T e l l e r  d i s t o r t i o n s .  
The v a l u e  f o r  UC16 w i l l  be  u s e d  a s  t h e  r e f e r e n c e  p o i n t  and  t h e  
c a l c u l a t i o n s  made i n  t h e  f o l l o w i n g  way w i t h  X r e p r e s e n t i n g  any  l i g a n d  
o t h e r  t h a n  Cl .
^ C l^ X  = f?UX6 + ^ U C la '
Eu x e  “  ^ ^ u c i s X  " i K j c i e - ^
C a l c u l a t i o n s  w e re  made f o r  t h e  s i x - c o o r d i n a t e  compounds  p r e p a r e d  i n  
t h i s  s t u d y  and f o r  some compounds p r e p a r e d  by o t h e r  w o r k e r s .  The 
r e s u l t s  o f  t h e  c a l c u l a t i o n s  a r e  g i v e n  i n  T a b l e  X. The e n e r g y  v a l u e s
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TABLE X
OBSERVED AND CALCULATED VALUES FOR T -* T * 
TRANSITIONS FOR URANIUM(V) COMPOUNDS
A c t u a l  O b s e r v e d  H y p o t h e t i c a l  C a l c u l a t e d
Compound p  ^  (cm - 1 ) Compound 1^-* P^ # (cn»- 1 )
u c i s -a 6798
UFe ‘ a 7*i07
UBre  8 681?
UC15 *TCAC 6873 U(TCAC)6 7 ,2 3 6
[UCl4 d i p y ] C l 8791 U ( d i p y ) 3 12 ,777
UC1S ' P h 3P 7273 U(Ph3P ) s 9 ,6^7
U C lg * d ip h o s 6798 U ( d i p h o s ) 6 6 ,798
^ h e  d a t a  f o r  t h e s e  compounds  i s  f ro m  u n p u b l i s h e d  work  by  J a c k  L .  R yan .
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f o r  t h e  0 - 0  t r a n s i t i o n s  i n  t h e  f  "• T * t r a n s i t i o n  a r e  f ro m  s o l i d  s t a t e
7 7
s p e c t r a  i n  a l l  c a s e s *
The  f o l l o w i n g  " s p e c t r o c h e m i c a l  s e r i e s "  i s  o b t a i n e d :
d i p y  >  F >  Ph3P >  TCAC >  B r ” >  C l ” * d i p h o s
The  p o s i t i o n  o f  PhgP seems a n o m a lo u s  w h i l e  t h a t  f o r  d i p h o s  seems more
r e a s o n a b l e  f o r  a  p h o s p h o r o u s  d o n o r  l i g a n d .  The a b s o r p t i o n  ban d  f o r
t h e  0 - 0  t r a n s i t i o n  f o r  t h e  T -* T * t r a n s i t i o n  i s  r a t h e r  b r e a d  and
7 7
i t  may b e  t h a t  t h e  v a l u e  u s e d  i n  t h e  c a l c u l a t i o n  i s  n o t  t h e  p r o p e r  
v a l u e .  The e n e r g y  u s e d  i n  t h e  c a l c u l a t i o n  i s  t h a t  f o r  t h e  s h a r p e s t  
and  m o s t  i n t e n s e  b and  o f  t h e  b r o a d  a b s o r p t i o n  e n v o l o p e .
I t  i s  s e e n  t h a t  t h e  r e l a t i v e  p o s i t i o n s  o f  F and Cl a r e  
a s  w ou ld  b e  e x p e c t e d .  Br a p p e a r s  a s  a  s l i g h t l y  s t r o n g e r  l i g a n d  
t h a n  C l  w h ic h  i s  c o n t r a r y  t o  w ha t  i s  u s u a l l y  o b s e r v e d .  Tr.e d i f f e r ­
e n c e  b e t w e e n  Br and  C l  i s  h o w e v e r ,  v e r y  s m a l l ,  1 9  cm- 1 . The 
r e l a t i v e  p o s i t i o n  o f  d i p y  and  TCAC a r e  a s  m i g h t  be  e x p e c t e d  f o r  
o x y g e n  and n i t r o g e n  d o n o r s .
I t  i s  p r e d i c t e d  f ro m  t h e o r y  t h a t  t h e  q u a d r u p l y  d e g e n e r a t e
T l e v e l s  w i l l  be  s p l i t  i n t o  two l e v e l s  when d i s t o r t i o n  1 f  t h e  
a
o c t a h e d r o n  o c c u r s .  T h i s  s p l i t t i n g  i s  o b s e r v e d  f o r  m os t  o f  t h e  com­
pounds  a l o n g  w i t h  a d d i t i o n a l  s p l i t t i n g  p r e s u m a b l y  t h e  r e s u l t  c f  
i n t e r a c t i o n  w i t h  v i b r a t i o n a l  m o d e s .
E .  Mass S p e c t r a
The  mass  s p e c t r a  w e r e  o b t a i n e d  f o r  UC14T*^HT, U C l g 'P h s P ,  
[U^Cl3 (P h 3 A s)  "]C1 and UC15 ‘UCeHT-NO. The d a t a  f o r  t h e s e  s p e c t r a  a r e  
g i v e n  i n  T a b l e  X I .
H 9
TABLE 3C1 
DATA FOR MASS SPECTRA
UCX4T-i+HT
T e m p e r a t u r e ,
25C°
90° - 250°
9 0 ° - 2 5 0 °
9 0 - 250° 
UC1E *PhoP
R e l a t i v e
T e m p e r a t u r e .  C
1 5 0 °
1 2 5 ° - 2 0 C °
l 2 5 ° - 2 0 0 °
1 5 0 ° - 2 0 0 °
150° - 200°
20C'°
2 0 0 °
2 0 0
7 5 °
[U gC lgP hgA s ]C 1
T e m p e r a t u r e .  °C
25Cfj
2 l 3 ° - 2 5 0 '
1 3 3 - 2 3 0 °
17 3°-250 ' - ’
1 7 5 ° . 2 5 0 °  
173°--250°  
1 0 5 - 250°
1 0 5 ° - 2 5 0 °
1 7 3 °  *2;:C°
155 "25^’°
U C l^ ’ i+CglVNO





55 - 2 0 5 °
16C*'-205 
I 6 0 "  -205°  
1 6 g c - 2 0 5 °
M a s s ,  AMU I n t e n s i t y
207 w
1 2 2 s
91 s
78 s
R e l a t i v e
M a s s ,  AMU I n f e n s  i t y
3 6 8 w
277 m
2 6 2 £2
185 w
I 8 3 e.
1 0 9 m
1 0 8 s
107 m
77 s
R e l a t i v e
M a s - ,  AMU In* e n s  i t y
595 w
3 0 6 s
2(5U w




l t  ;j t;
1 1 ? V;
77 3
Re 1 a t  l \ ’-i
M a s s .  AMU i n t e n s i t y
T 2 2 vw
39^ \"W
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I n  t h e  s p e c t r u m  oE UC1 4 T*4 HT a p e ak  c o r r e s p o n d i n g  t o  t h e  
mass  o f  t h e  l i g a n d ,  HT, i s  p r e s e n t .  T r o p o l o n e  y i e l d B  t h e  p h e n o l  i o n ,  
C7 H5 OH*, a s  a r e s u l t  o f  e l i m i n a t i o n  o f  c a r b o n  m o n o x i d e ( l 2 6 )  and  t h i s  
f r a g m e n t  h a s  a  mass  o f  9 ^> A s t r o n g  p e ak  w i t h  a mass  o f  73  i s  n o t  
fo und  i n  t h e  mass  s p e c t r u m  o f  t r o p o l o n e .  How ever ,  t r o p o n e ,  C6 H6 0 ,  
d o e s  f r a g m e n t  b y  e l i m i n a t i n g  CO and y i e l d i n g  t h e  b e n z e n e  i o n - r a d i c a l .  
( 1 2 6 )  The  p r e s e n c e  o f  a f r a g m e n t  o f  mass  7 3  i n  t h e  s p e c t r u m  o f  
UC14 T*^HI may i n d i c a t e  t h a t  a s  a r e s u l t  o f  c o o r d i n a t i o n  t o  u r a n i u m ,  
t r o p o l o n e  l e a v e s  an  o xygen  a t t a c h e d  t o  t h e  u r a n iu m  and t h e n  f r a g m e n t s  
as  d o e s  t r o p o n e .
The s p e c t r a  f c r  UClrj*Pha P shows f r a g m e n t s  c o r r e s p o n d i n g  
t o  t h e  mass  o f  t h e  l i g a n d ,  Ph3 P,  PhP-  and P h - .  The i n v e s t i g a t i o n  
o f  t h e  mass  s p e c t r u m  o f  Ph3 P ( l 2 6 )  h a s  shown t h a t  i t s  m o s t  i m p o r t a n t  
f r a g m e n t  h a s  a mass  o f  18 3 and  t h i s  o r i g i n a t e s  f rom  t h e  d e c o m p o s i t i o n  
o f  (CeH^J^P"*", mass  1 8 5 ,  by l o s s  c f  H2 t o  y i e l d  The mass
s p e c t r u m  o f  UCl5 *Ph3 P shows f r a g m e n t ?  o f  mass  I 8 5  and 183* The 
f r a g m e n t  w i t h  mass  3 6 8  i s  t h o u g h t  t o  be ( P h 2P ) 2 . I t  i s  s i g n i f i c a n t  
t h a t  no p e ak  c o r r e s p o n d i n g  t o  Ph3 P = 0 i s  o b s e r v e d .  T h i s  i s  
a d d i t i o n a l  e v i d e n c e  t h a t  t h e  compound p r e p a r e d  i n  t h i s  s t u d y  d o e s  
n o t  c o n t a i n  t r i p h e n y l p h o s p h i n e  o x i d e .
I n  t h e  s p e c t r a  o f  [ U ^ C l ^ P h ^ A s )  ]C1 m a s s e s  c o r r e s p o n d i n g  
t o  t h e  l i g a n d ,  P h ^ A s , and  f r a g m e n t s  P h - P h ,  Ph-As and  P h -  a r e  p r e s e n t .
I t  i s  a ssum ed  t h a t  t r i p h e n y l a r s i n e  would  f r a g m e n t  i n  a  p a t t e r n  s i m i l a r  
t o  t h a t  o b s e r v e d  f o r  t r i p h e n y l p h o s p h i n e .  The  f r a g m e n t s  w i t h  mass  229 
and 227 c o u l d  t h e n  be  c o n s i d e r e d  d u e  t o  (C6Hf3) a A.s+ and
As
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O t h e r  p e a k s  p r e s e n t  i n  t h e  s p e c t r u m  o f  t h e  com plex  a r e  t h o u g h t  t o  be 
d u e  t o  P h - 0 1  ami A s - C e H iC l .  I t  c a n  b e  n o t e d  t h a t  a mass  c o r r e s p o n d i n g  
t o  FhrjAs^O i s  n o t  p r e s e n t .  T h i s  c o n f i r m s  t h a t  t h e  compound d o e s  n o t  
c o n t a i n  t r i p h e n y l a r s i n e  c x i d e .
A s t r o n g  p e ak  c o r r e s p o n d i n g  t o  t h e  mass  o f  t h e  l i g a n d  i s  
found  i n  t h e  s p e c t r u m  o f  UCI5  ^ C g ^ N O . The h y d r o x y q u i n o l i n e s  f r a g m e n t  
( 1 2 6 )  by l o s i n g  CO t o  g i v e  a f r a g m e n t  o f  mass  I I 7  . T h i s  i s  f o l l o w e d  
by e x p u l s i o n  o f  HCN w i t h  and  w i t h o u t  an a d d i t i o n a l  h y d r o g e n  t o  g i v e  
f r a g m e n t s  o f  mass  9^  and  8 9 . F r a g m e n t s  w i t h  m a s s e s  o f  117> 90  and 89  
a r e  o b s e r v e d  i n  t h e  mass  s p e c t r u m  o f  UClg'ICgi t^NO.
F . C o n c l u s i o n s
T h i s  s t u d y  h a s  r e s u l t e d  i n  t h e  p r e p a r a t i o n  o f  t h e  f i r s t  
w e l l  c h a r a c t e r i z e d  u r a n i u m ( v )  com plex  w i t h  a n i t r o g e n  d o n o r  l i g a n d .  
T h i s  i o n i c  compound, [UCl4 d i p y ] C l , i s  e x t r e m e l y  u n s t a b l e .  The 
o x i d a t i o n  s t a t e  o f  u r a n i u m  h a s  b e e n  v e r i f i e d  by  ESR, d e t e r m i n a t i o n  
o f  m a g n e t i  j  moment and t h e  e l e c t r o n i c  s p e c t r u m .  The  a s s i g n m e n t  o f  
t h e  f r e q u e n c i e s  o f  t h e  U-Cl  and  U-*N bo n d s  h a v e  b e e n  m ad e .
The. two compounds w i t h  p h o s p h o r o u s  d o n o r  l i g a n d s  a r e  t h e  
f i r s t  u r a n i u m ( v )  compounds c o n t a i n i n g  t h e  U-F b a n d .  The  ESR d a t a ,  
t h e  magnet i c  moment and t h e  e l e c t r o n i c  s p e c t r a  c o n f i r m  the p r e s e n c e  
o f  u r a n i u m ( v )  i n  t h e s e  com pounds .  The f r e q u e n c i e s  f o r  t h e  U-P band 
have  b e e n  a s s i g n e d  a l o n g  w i t h  t h e  U-Cl f r e q u e n c i e s  i n  t h e s e  com pounds .
[ U ^ C l g f P h a A s ) l e i  i s  a new ty p e  o f  u r a n i u m ( v )  compound. The 
p r e s e n c e  o f  u r a n i u m ( v )  i s  c o n f i r m e d  by  t h e  m a g n e t i c  moment and  e l e c ­
t r o n i c  s p e c t r u m .  I t  a p p e a r s  t h a t  i n  t h e  f o r m a t i o n  o f  [U2 C l s (PhgAs)  ]C1
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t h e  d i m e r i c  s t r u c t u r e  o f  u r a n i u m  p e n t a c h l c r i d e  i s  n o t  c l e a v e d  b u t  t h a t  
t h e  Ph^As s i m p l y  r e p l a c e s  one  t e r m i n a l  c h l o r i n e  i n  (UC15 ) S . The p r e ­
s e n c e  o f  a f r a g m e n t  i n  t h e  mass  s p e c t r u m  w i t h  a  mass  o f  1 1 2  c o r r e s p o n d ­
i n g  t o  P h - C l  w ou ld  a p p e a r  t o  s u p p o r t  t h e  p r e s e n c e  o f  one  i o n i c  c h l o r i d e  
i n  t h e  compound. I t  i s  n o t e d  t h a t  no f r a g m e n t  w i t h  a mass  o f  112 
c o r r e s p o n d i n g  t o  P h - C l  i s  p r e s e n t  i n  mass  s p e c t r u m  o f  UCls*Ph 3 P w h ic h  
■ices n o t  c o n t a i n  an i o n i c  c h l o r i d e .  I t  a p p e a r s  t h a t  t h e  a r s e n i c  
d e n e r  com plex  i s  b e s t  r e p r e s e n t e d  by  t h e  f o r m u l a
A s t r u c t u r e  c o n t a i n i n g  c h l o r i n e  b r i d g i n g  i s  s u p p o r t e d  by  t h e  f a c t  t h a t  
t h e  compound d e c s  n o t  g i v e  a n  ESR s i g n a l .  I f  t h e  two u r a n i u m  a tom s  
i n  t h e  mole, ’. u l c  a r e  c l o s e  e nough  t o  i n t e r a c t  t h e  ESR s i g n a l  may be  
q u e n c h e d ,  t h e  f a c t  t h a t  t h e  m a g n e t i c  moment p e r  u r a n i u m  atom i n  
t h i s  compcund i s  somewhat lo w er  t h a n  i s  o b t a i n e d  f c r  t h e  o t h e r  
compounds a l s o  s u g g e s t s  i n t e r a c t i o n  o f  t h e  e l e c t r o n s  o f  t h e  two 
u r a n i u m  a t o m s .  An a l t e r n a t i v e  s t r u c t u r e  m i g h t  i n v o l v e  t h e  Ph0 As 
i n  t h e  b r i d g i n g  b e tw e e n  t h e  two u r a n i u m  a tom s  t o  p r o d u c e  t h e  sym­






However ,  t h i s  s t r u c t u r e  would  assum e t h a t  t h e  l o n e  p a i r  o f  e l e c t r o n s  
on  the. a r s e n i c  a tom  h a s  s p l i t  and  t h a t  a n  e l e c t r o n  t h e n  p a i r s  w i t h
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t h e  s i n g l e  5 f  e l e c t r o n  on  e a c h  o f  t h e  two u r a n i u m  a t o m s .  The  u n -  
s y m m e t r i c a l  s t r u c t u r e  w i t h  c h l o r i n e  b r i d g i n g  seems p r e f e r a b l e .  T h e r e  
i s  e v i d e n c e  t o  s u g g e s t  t h a t  t h e  compound [U ^ C lg fP h aB i ) ^ C 1  h a s  a 
s t r u c t u r e  l i k e  t h a t  s u g g e s t e d  f o r  [U2 Cl9 ( P h 3 A s ) ] C 1 . However ,  
[ U g C l g f P t ^ B i ) ] C 1  g i v e s  an  ESR s i g n a l .  T h i s  d i f f e r e n c e  i n  b e h a v i o r  
o f  t h e  two compounds c a n n o t  be  e x p l a i n e d  a t  p r e s e n t .  However ,  t h e  
l a t t e r  compound may h a v e  some monomer p r e s e n t  w h i c h ,  e v e n  i n  s m a l l  
a m o u n t ,  w ou ld  y i e l d  an  ESR s i g n a l .
TV.e s t a b i l i t y  o f  UC^T'UHT makes  t h i s  compound u n i q u e  among 
t h ^  compounds p r e p a r e d .  T h i s  compound i s  a p p a r e n t l y  t e n - c o o r d i n a t e ,  
w i t h  t h e  t o p o p l c n a t e  a n i o n  a c t i n g  a s  a  b i d e n t a t e  l i g a n d  and t h e  f o u r  
t r o p o l o n e  m o l e c u l e s  bonded  a s  m o m e d e n ta te  l i g a n d s .  A t e n  c o o r d i n a t e  
compound o f  u r a n i u m ( l V )  h a s  p r e v i c u s l y  b e e n  p r e p a r e d  and  s t u d i e d .
( 6 2 , 12Y) LiUT^ ( a  u r a n i u m ( i v )  compound) h a s  b e e n  shown t o  b e  
t e n  c o o r d i n a t e .  The  p r e s e n c e  o f  u r a n i u m ( v )  i n  UCl^T-hHT h a s  b e e n  
c o n f i r m e d  i n  t h i s  compound by ESR, m a g n e t i c  moment and  e l e c t r o n i c  
s p e c t r u m .
The two compounds c o n t a i n i n g  8 - h y d r o x y q u i n o l i n e ,
U 0 1 * 2 C 9 Hr N0 and UC15 ‘^CeBj-NO, a r e  e x t r e m e l y  u n s t a b l e .  The  m a g n e t i c  
m om en ts ,  ESR and e l e c t r o n i c  s p e c t r a  v e r i f y  t h a t  t h e s e  compounds c o n ­
t a i n  u r a n i u m ( v ) .  U C l^ ■2 C9 H7 N0  i s  p o s s i b l y  a n i n e  c o o r d i n a t e  compound. 
I t  i s  n o t  c l e a r  f rom  t h e  e v i d e n c e  w h ic h  h a s  b e e n  o b t a i n e d  w h a t  t h e  
c o o r d i n a t i o n  number would  be  i n  UCl^ *UC9 H7'N0. I t  may a l s o  b e  a 
t e n  c o o r d i n a t e  compound.  The U-N and U-0  f r e q u e n c i e s  h a v e  b e e n  
a s s i g n e d  i n  UC1S *Uc9 Ht-NO.
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The e l e c t r o n i c  s p e c t r a  o f  t h e s e  new u r a n iu m ( v )  compounds 
a r e  q u i t e  com plex .  The f o u r  g ro u p s  o f  bands  c o r r e s p o n d i n g  t o  t h e  f o u r  
p r e d i c t e d  t r a n s i t i o n s  f o r  a  5 f 1 s y s t e m  h a v e  b e e n  a s s i g n e d  f o r  a l l  t h e  
new compounds.
G. S u g g e s t i o n s  f o r  F u t u r e  Work
I n  v iew  o f  t h e  p r e p a r a t i o n  o f  [U2 C lg (P h 3 B i) ]C 1  i t  seems 
t h a t  a d d i t i o n a l  work  s h o u ld  be  done i n  an  a t t e m p t  t o  o b t a i n  a  pu re  
compound w i t h  Ph3Sb a s  t h e  l i g a n d .  Work was s t o p p e d  w i t h  t h i s  
l i g a n d  b e c a u s e  i t  a p p e a r e d  t h a t  t h e  r e a c t i o n  o f  Ph3 Sb and UCl3 *TCAC 
was i n c o m p l e t e .  However,  s i n c e  t h e  compounds c o n t a i n i n g  a r s e n i c  
and b i s m u th  h a v e  b e en  e s t a b l i s h e d  i t  seems l i k e l y  t h a t  t h e  an t im o n y  
compound can  be  made.
The r e a c t i o n  o f  UC15 *TCAC and e t h y l e n e b i s d i p h e n y l a r s i n e  
y i e l d e d  an  impure  compound w h ich  was q u i t e  s i m i l a r  i n  a p p e a r a n c e  
t o  t h e  [UgClgfPhgAs) ]C 1 . An a d d i t i o n a l  a t t e m p t  t o  p r e p a r e  t h i s  
compound w i t h  some m o d i f i c a t i o n s  o f  p r o c e d u r e  b a se d  on t h e  e x p e r i e n c e  
w i t h  r e a c t i o n  i n v o l v i n g  t r i p h e n y l a r s i n e  may y i e l d  a  p u r e  compound.
The u n u s u a l  s t a b i l i t y  o f  UCl4T*^HT i n d i c a t e s  t h a t  f u r t h e r  
work  w i t h  t h e  t r o p o l o n e  l i g a n d  would be  o f  i n t e r e s t .  UCl4T*UHr, 
presumed t o  be  a  t e n  c o o r d i n a t e  compound c o n t a i n s  t r o p o l o n e  r a d i c a l  
and  m o l e c u l a r  t r o p o l o n e .  I t  may be  p o s s i b l e  t o  v a r y  t h e  number o f  
t r o p o l o n e  m o l e c u l e s  w h ich  w i l l  bond t o  t h e  UC14T g ro u p  by v a r y i n g  t h e  
m o la r  r a t i o  o f  t h e  r e a c t a n t s .  A l o n g e r  r e a c t i o n  t im e  f o r  UCls'TCAC 
and t r o p o l o n e  m i g h t  r e s u l t  i n  s u b s t i t u t i o n  o f  more t h a n  one  Cl i n  
UClt . I t  would be o f  i n t e r e s t  t o  d e t e r m i n e  w h e th e r  compounds w i t h
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t h e  t r o p o l o n e  l i g a n d  b u t  w i t h  low er  c o o r d i n a t i o n  number would p ro v e  
t o  be  a s  s t a b l e  a s  UC14 T*UhT.
The s u c c e s s f u l  p r e p a r a t i o n  o f  t h e  compounds i n  t h i s  s t u d y  
by  t h e  r e a c t i o n  o f  UC15 *TCAC w i t h  v a r i o u s  l i g a n d s  i n d i c a t e s  t h a t  a 
v a r i e t y  o f  o t h e r  l i g a n d s  w ould  y i e l d  compounds o f  i n t e r e s t .
The  u se  o f  s o l v e n t s  o t h e r  t h a n  b e n z e n e  i n  t h e  p r e p a r a t i o n  
o f  u r a n i u m ( v )  com plexes  s h o u l d  b e  e x p l o r e d .  A l th o u g h  i t  was found 
t h a t  t h e  u s e  o f  t o l u e n e  i n  t h e  p r e p a r a t i o n  o f  [U aC lgfPhsA s) ]C 1  d i d  
n o t  o f f e r  a n y  a d v a n t a g e  o v e r  b e n z e n e  o t h e r  r e a c t i o n s  m ig h t  be  f a v o r a b l y  
a f f e c t e d  by a  d i f f e r e n t  s o l v e n t .
The  u se  o f  compounds o t h e r  t h a n  UClrj*TCAC s h o u l d  be u sed  a s  
t h e  s o u r c e  o f  u r a n i u m ( v )  f o r  t h e  p r e p a r a t i o n  o f  u r a n i u m ( v )  c o m p le x e s .  
Compounds c o n t a i n i n g  t h e  UFS , UC10 and UBre  may be u s e f u l  a s  
s t a r t i n g  m a t e r i a l s .  Some o f  t h e  compounds p r e p a r e d  i n  t h i s  s t u d y  
m ig h t  a l s o  b e  u s e f u l  i n  t h e  p r e p a r a t i o n  o f  o t h e r  new compounds.
The  r e s u l t s  o f  e l e c t r o n  s p i n  r e s o n a n c e  s t u d i e s  i n d i c a t e  
t h a t  a  more d e t a i l e d  s t u d y  i n  t h i s  a r e a  s h o u l d  y i e l d  mere  i n f o r m a ­
t i o n  c o n c e r n i n g  t h e  s t r u c t u r e  o f  t h e s e  u r a n i u m ( v )  compounds .
A d d i t i o n a l  work w i t h  s o l u t i o n s  o f  t h e s e  compounds s h o u ld  p r o v i d e  
i n t e r e s t i n g  ESR i n f o r m a t i o n .
I t  i s  hoped t h a t  when a d d i t i o n a l  t h e o r e t i c a l  c a l c u l a t i o n s  
a r e  made f o r  t h e  ^ f 1 s y s t e m  t h a t  a  more  d e t a i l e d  I n t e r p r e t a t i o n  o f  
t h e  e l e c t r o n i c  s p e c t r a  o f  t h e s e  compounds w i l l  be  p o s s i b l e .
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M ary J o  F r i b b l e  i s  a  n a t i v e  o f  M a c f a r l a n ,  W e s t  V i r g i n i a  
w h e r e  s h e  r e c e i v e d  h e r  e l e m e n t a r y  e d u c a t i o n .  S h e  v s b  g r a d u a t e d  fr o m  
H a r r i s v i l l e  H ig h  S c h o o l  i n  H a r r l s v i l l e *  W e s t  V i r g i n i a .  S h e  r e c e i v e d  
a  B a c h e l o r  o f  A r t s  d e g r e e  f r o m  M a r y v i l l e  C o l l e g e *  M a r y v i l l e ,  T e n n e s s e e  
i n  1 9 5 2 .  F o l l o w i n g  t h r e e  y e a r s  e m p lo y m e n t  s h e  e n t e r e d  g r a d u a t e  s c h o o l  
a t  D uke U n i v e r s i t y *  D urham , N o r t h  C a r o l i n a  w h e r e  s h e  r e c e i v e d  h e r  
M a s t e r  o f  A r t s  d e g r e e  i n  1 9 5 7 •  S he  j o i n e d  t h e  f a c u l t y  o f  M a r i e t t a  
C o l l e g e ,  M a r i e t t a ,  O h io  w h e r e  s h e  w a s  I n s t r u c t o r  o f  C h e m i s t r y  f o r  
tw o y e a r s .  From  1 9 5 9  t o  I 96I  s h e  w a s  e m p lo y e d  a s  a  D o c u m e n t a t i o n  
C h e m is t  i n  t h e  R e s e a r c h  and D e v e l o p m e n t  S e c t i o n  o f  t h e  E t h y l  C o r p o r ­
a t i o n ,  B a t o n  R o u g e ,  L o u i s i a n a .  R e t u r n i n g  t o  h e r  n a t i v e  S t a t e  s h e  
w a s  I n s t r u c t o r  o f  C h e m i s t r y  a t  M a r s h a l l  U n i v e r s i t y ,  H u n t i n g t o n ,
W e st  V i r g i n i a  f o r  tw o  y e a r s .  S h e  w a s  a  N a t i o n a l  S c i e n c e  F o u n d a t i o n  
R e s e a r c h  P a r t i c i p a n t  a t  t h e  U n i v e r s i t y  o f  T e n n e s s e e *  K n o x v i l l e ,  
T e n n e s s e e  d u r i n g  t h e  summerb o f  I 962  and 1 9 6 3 * S h e  w e n t  t o  
L i m e s t o n e  C o l l e g e ,  G a f f n e y ,  S o u t h  C a r o l i n a  i n  1 963  a s  A s s i s t a n t  
P r o f e s s o r  o f  C h e m i s t r y  and w a s  p r o m o te d  t o  A s s o c i a t e  P r o f e s s o r  o f  
C h e m i s t r y  i n  1 9 ^ 7 •
D u r i n g  t h e  sum m ers o f  I 9 &- an d  1 965  M is s  P r l b b l e  d i d  
g r a d u a t e  s t u d y  a t  L o u i s i a n a  S t a t e  U n i v e r s i t y  a s  a  N a t i o n a l  S c i e n c e  
F o u n d a t i o n  I n s t i t u t e  P a r t i c i p a n t .  S h e  c o n t i n u e d  g r a d u a t e  s t u d y  
d u r i n g  t h e  s u m n e r s  o f  I 966  and 1 9 6 7 .  S i n c e  J u n e *  I 968  s h e  h a s  b e e n
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i n  r e s i d e n c e  * t  L o u i s i a n a  S t a t e  U n i v e r s i t y  w h e r e  s h e  i s  p r e s e n t l y  a  
c a n d i d a t e  f o r  t h e  D o c t o r  o f  P h i l o s o p h y  d e g r e e .  F o l l o w i n g  a  o n e  y e a r  
l e a v e  o f  a b s e n c e  s h e  w i l l  r e t u r n  t o  L i m e s t o n e  C o l l e g e  t o  b e c o m e  
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